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PREFACE 

In the summer of 1916^ several State highway engineers re- 
ported to the American Highway A<6Sociation that there was 
need of a concise explanation of the best current practice in locat- 
ing, constructing and maintaining country roads, not combined 
with information about city pavements. It was found by these 
engmeers that the information in many excellent engineering 
treatises proved confusing to rural road officials because they 
did not have sufficient technical knowledge to draw a line be- 
tween what was appUcable to country highways and what was 
restricted to urban conditions. Inquiry showed that such an 
outline of road-building would be welcomed by the road officials 
of other States, and the preparation of this book was accordingly 
begun. 

Highway en^eers in all parts of the country geiterously con- 
tributed material and advice. Special attention was paid to 
ascertaioing reaisons for imusual methods, in order to avoid the 
publication of anything useful only in restricted localities and 
possibly leading to trouble if tried generally. The purpose was 
to furnish information of a national value rather than an expres- 
sion of the views of a few individuals, who inevitably have per- 
sonal preferences and prejudices. As each section was finished 
it was submitted for criticism to engineers or chemists with 
special knowledge of the subjects discussed, and most of the chap- 
ters formed by combining these revised sections were sent out 
to other engineers for further criticism. Some of the chapters 
were revised a number of times before they were finally ap- 
proved. As a consequence, although my name appears as the 
author on the title page, the book is rather the product of the 
cooperation of over fifty of the leading American highway engi- 
neers and the patient and intelligent handling of the details of 
the work by Miss Isabelle Stockett, at the time chief clerk of the 
America^ Highway Association. 

This book appeared originally as Part II of the 1917 Good 
Roads Year Book. Its wide cu*culation, the many references to 
it in technical journals, and its use as a textbook by engineering 
colleges, indicating that the volume had won a distinct position 
in technical literature, led the Directors of the American High- 
way Association to assign the copyright to the D. Van Nostrand 
Company, when the A^ociation was dissolved a few dajrs ago. 
By this action the results of the co6|perative labors of so many 
specialists will remain available to the public. 

• • • 
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IV PREFACE 

Added to the text as it appeared in the Good Roads Year 
Book is a chapter on the reasons for improving roads. This is 
part of a ''good roads manual" for public oflSicials, not techni- 
cally educated, which had considerable circulation in manu- 
script form among road commissioners applying to the 'American 
Highway Association for such information. It is printed here 
as a concise justification of the expenditure of public funds for 
road improvements, a subject which highway engineers must 
frequently discuss at public meetings. 

John M. Goodbll. 

Upper Montclair, N. J., March, 1918. 
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LOCATION, GRADES, WIDTHS AND GROSS- 
SECTIONS OF RURAL ROADS 

The improvement of any road or S3rstem of roads must begin 
with a study of its location and grades, for unimproved roads 
are often bad in both respects, l^e purpose of relocation is to 
enable the road to carry the anticipated traffic with the least 
effort and loss of time. It is impracticable to relocate all roads 
and improve their grades at the present time, and hi^way offi- 
cials must be satisfied with gradually eliminating or at least 
reducing the defective conditions. In order to carry on this 
work efficiently, however, the entire system of roads imder a 
board or conoimission must be studied as a whole, so tliat the 
whole body of taxpayers may be benefited as uniformly as 
practicable by the work done annually. The work should be 
planned in a broad way several years in advance, if possible, for 
it is only in this way that the needs of all parts of the district can 
be met without favor or prejudice. This is particularly important 
where the needs are great, the road funds meager, and property 
has been developed along locations where roads dbould never have 
been laid out. The situation in such cases has been siunmed up 
as follows by W. S. Keller, State highway engineer of Alabama: 

The genuine bad roads cannot be maintained for the reason that they 
have never been constructed. The great amount of work necessary to 
keep them in passable condition disheartens the man who is by law com- 
pelled to work them. Until these roads are relocated, avoiding heavy grades 
and marshy bottoms, sharp angles and useless twists, and are graded so 
they will have good drainage, we may expect them to be bad. 

Location. — ^It is evident that the road shoidd be as nearly 
straight between the points it connects as the configuration of the 
country traversed wUl permit. It is desirable, however, to re- 
strict grades to 6 per cent and to avoid expensive cuts, fills 
and bridges. To locate the road properly and meet all local 
conditions in the best manner requires competent engineering 
services; if they are not obtained there is a strong probability 
that after the cotmtry develops new locations must be made to 
meet the increased transportation needs and the expenditures 
for new rights-of-way will be far greater than to-day. But if, 
for the present, engineering services are out of the question, the 
road authorities can at le£^t relocate roads that are plainly tm-^ 
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necessarily low and marshy and unnecessarily steep and high. 
This is particularly the case where roads have been laid out on 
the section lines of the government land surveys. However 
desirable the rectangular parceling of unoccupied land may 
have been in attracting settlers, it has proved a heavy handicap 
on transportation by introducing many right-an^e turns and 
causing needless length in the roads of these re^ons. The fol- 
lowing comment on this condition was made by W. S. Gearhart, 
State engineer of Kansas: 

A 60-foot road on two sides of a section of land occupies 14.55 acres, 
while a road 60 feet wide in a diagonal direction through the section occu- 
pies 10.28 acres. Thus there is a saving in the diagonal road of 4.27 atsres 
and 0.587 mile of distance. The saving in the cost of right of way, assum- 
ing that the land along the section line is as valuable as on the diagonal 
line, is $85.40 if the land is worth only $20 per acre. This amount in most 
cases would be sufficient to grade the 1.413 miles of diagonal line in first- 
class condition. If a man lives 4 miles north and 4 miles east of his market- 
place he is 5.657 miles on the diagonal line from it; that is, on the section- 
line road he must travel 4.686 mues farther in making the round trip than 
on the diagonal line. 

The same official has reported that a coimty commission built 
a mile of road on a section line, which crossed the same stream 
three times. By adopting a somewhat different location and 
making the road 1^ males long, the stream would be crossed but 
once and the road become of greater service to the community. 
"More than $3,000 worth of steel bridges were bought, it will 
cost not less tlutn about $2,500 for the abutments to set these 
three structures on, and an expenditure of $2,500 will be neces- 
sary to make the road passable, or a total of about $8,000 to 
accommodate four men whose property is reported as probably 
not worth as much as the cost of the road." Instances of this 
nature prove the desirabiUty of having roads located by engi- 
neers without interference from political or personal influences. 
The assertion that such services are unnecessary in connection 
with such relatively inexpensive highways as dirt roads is best 
answered by pointing to the action of the Utah State road com- 
mission in substituting an entirely new location about 15 miles 
long for an cdd route in Beaver County. This was done by the 
engineers because the new line had better alignment, grades and 
road materials. 

The influence of soil conditions and the presence or absence of 
road materials may not be given due consideration in locations 
made by persons who are not engineers. The following comments 
on this point were made by A. N. Johnson in a report on the high- 
ways of Maryland: 
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Should it happen that two locations are possible with about equal ad- 
vantages and disadvantages, except that one was over a different soil from 
the other, that location should be taken which traverses the soil best cal- 
culated to insure a good road-bed. For example, if it were possible to 
avoid going through a clay section when a more open soil could be had 
close at hand, much would be saved both in the cost of construction and 
in the subsequent maintenance by ^oing over the more open soil. It is 
hardly necessary to state that crossmg soft, boggy soil should be avoided 
whenever the expense of going around such a place would be no more than 
for crossing it. If possible it is always well to locate a road in the vicin- 
ity of good road-material, either a suitable stone or gravel, for the prox- 
imity of such material lessens for all time the cost of maintenance of the 
road, and when this point is considered such a location would be war- 
ranted even at an increased first cost. 
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FBonLB OF Road in Balumobb Coxtntt, Md. 

Showing How Relocation Saved a Large Sum in the Improvement of the 

Road. 



Value of Enffineering Services. — ^Few persons realize that the 
expense of engineering services in relocating old roads is gener- 
ally more than offset by the saving in the cost of construction 
of a properly located road over one improperly located. The 
engineer knows how to fit the road to the groimd in hilly country 
so that the material from the cuts may be used in making near- 
by embankments and costly rock excavation will be reduced to 
the lowest practicable amotmt. On the Maryland State high- 
wa3rs; the expense of moving 100 to 150 cubic yards of earth is 
from $50 to $75, which is equal to the cost of making a mile of 
careful survejrs that may be reasonably expected to save more 
than 150 cubic yards of such earthwork. The accompanying 
illustration shows the saving in excavation expenses on a road in 
Baltimore County, Md. The hilly character of the old road 
made necessary heavy reductions in grade to give a highway prop- 
erly accommodating the traffic. The heavy cutting to give suit- 
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able grades along the old location is shown by the diagram^ 
while the light excavation and fiUing required on the new loca- 
tion is also indicated. Such savings of cost can only be made by 
competent engineers. The amount of detail which the engineers' 
survey must furnish depends on the character of the road to be 
built and the nature of the country. Less detail is necessary 
for an earth road in a flat country than a brick road in a hilly 
district, for example, but enough should be obtained to make 
sure that the final location is along the line on which the cost of 
transportation plus the interest on the first cost plus the cost of 
maintenance of the road will be the minimum for the available 
funds for first cost. The last point is important, for the best 
location is often governed by the amoimt of money which can 
be spent on construction. 

In carrying out extensive work by contract, experience shows 
that low bids from responsible contractors are best secured when 
full information is obtained for their use in preparing estimates. 
For instance, in carrying out road improvements in Vermilion 
County, Illinois, under a $1,500,000 bond issue, about 1800 draw- 
ings of plans, profiles and cross-sections were prepared in the 
first two months of the work. These were plotted on Plate 
A 4 by 20 profile paper cut into 32-inch lengths. The longitu- 
dinal scale of the plans was 80 feet to 1 inch and the tranverse 
scale 40 feet to 1 inch. The horizontal scale of the profiles was 
80 feet to 1 inch and the vertical scale 4 feet to 1 inch. The 
plans show all section corners, bench marks, fence lines, shade 
trees, farm entrances, property owners' names, drains and cul- 
verts to be built, and any other data necessary for a complete 
knowledge of the working conditions. The cross-sections are 
plotted on a scale of 4 feet to 1 inch. An 11 by 8J-inch map was 
made of the location of 14 sources of sand and gravel, the plants 
furnishing paving brick and the railways running from them to 
the district where Ihe roads were to be built, and 24 by 20-inch maps 
were made showing the roads, railways and sidings available for 
contractors' use. The existing road grades were shown on small 
maps, and other small maps showed the location and size of pro- 
posed bridges and culverts. 

Grades. — ^The effect of grades on hauling is usually stated in 
the following manner: If a horse can pull 1,000 pounds on a 
level road, he can pull 810 pounds with the same effort on a 2 
per cent grade, 720 pounds on 2^ per cent grades, 640 pounds on 
3J per cent grades, 540 pounds on 4 per cent grades, 400 pounds 
on 5 per cent grades and only 250 pounds on 10 per cent grades. 
These figures are only approximate but they show the impor- 
tance of reducing grades as much as possible where traflSc is heavy. 
Where traffic is not heavy, the cost of reducing grades below 3 
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or 4 per cent, if it must be done by expensive construction or 
considerable lengthening of the road, is generally considered an 
unwarranted expense. 

A thoroughly consolidated roadbed is a valuable public asset 
and in planning grade improvements it is sometimes undesirable 
to cut 6 to 12 inches into such a road for a long distance in order 
to secure a theoretically perfect profile. 

Where a road will probably have considerable automobile 
traffic the grades up a hill should be flattened somewhat at the 
top if necessary, so the driver can see an approaching car when 
it is 300 feet from him. When the change in grade at the sum- 
mit is not more than 6f per cent, no flattening is necessary. If 
the change is 10 per cent a vertical curve about 200 feet long 
should be employed; for a 13 per cent change, a curve 292 feet 
long and for a 16 per cent change, a curve 360 feet long. 

Widths. — ^Highway commissions in many parts of the coimtry 
are reporting that their roads are often too narrow to accommo- 
date the traffic coming on them as soon as they are improved. 
State Highway Commissioner Everett of New Hampshire re- 
ports that the standard width of 21 feet from ditch to ditch 
is not wide enough on many of the roads under his jurisdiction, 
and the experience of the Wayne County road commission, in 
Michigan, shows that the minimum width of hard-surface road- 
way in the district aroimd Detroit should be 16 feet and 18 feet, 
and should be adopted wherever practicable. These comments 
relate to double-width roads. A width of 8 feet, previously used 
for single-width roadways, is now generally considered too nar- 
row and 9 and 10 feet are advocated. 

Many of the State highway departments have established 
standard cross sections for earth roads. The present standards 
in Wisconsin are shown in the diagrams on the next page. They 
are also the standards for macadam and gravel roads having 
a hard surface 9 feet in width. Where the slopes are not indicated 
they are made in accordance with the accompanying table. 
Guard rails are used when the vertical distance from the edge 
of the shoulder to the top of the ditch is more than 4 feet. 

Slopes Required hy Wisconsin Commission in Road Work in Different 

Kinds of Soil 
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The Wisconsin sections are wide enough to carry a 16-foot 
roadway. It is now generally held that the distance from ditch 
to ditch should be 24 feet, even for a single-width road, if local 
conditions permit. In some States, where the legal right-of-way 
is only 30 feet, it is impracticable to secure 24 feet between 
ditches and have proper fences and banks along the road where 
it is in cuts. It is necessary to obtain extra wide rights-of-way 
in such cases or to make the road narrow. 

It has been claimed that if a hard surface is placed on a road- 
bed, the width of this pavement need not be so great as when 
the traffic is carried by a less durable surface, and consequently 
a smaller width between ditches and less earthwork are required. 
This argument ignores the fact that a narrow roadway concen- 
trates the travel and may cause the improved surface to carry 
a volume of traffic for which it is unsuited. For this reason 9 
and 10 feet for a single-width surfaced roadway and 16 or 18 feet 
for a double-width roadway are generally favored. In recent 
years a new factor has become important in determining the prop- 
er width of hard surfacing. Heavy motor trucks and omni- 
buses are now in regular service on many roads. If they turn 
ofif a hard surface on to a soft shoulder they may become mired 
or unmanageable and crash through fences or guard rails before 
the brakes stop them. The driver is usually on the left hand of 
such a truck where he cannot easily see the edge of the hard 
paving, and consequently he keeps his truck well toward the 
center of the road in order to, avoid trouble on the shoulders, 
although the driver of a lighter vehicle would keep farther over 
to the side. 

Where the road is used by carts or trucks that make a loaded 
trip in one direction only, as well as in other sections where funds 
are not available at present for a double-width paved roadway, 
an 8 to 10-foot pavement has been laid on half the road, with one 
fiide along the center line, as though a similar pavement were 
to be laid at once on the other side of the road. 

Rights-^f-way. — ^The width of the road is restricted in the older 
parts of the coimtry by narrow rights-of-way, which are trouble- 
some limitations on road improvements. Cuts and fills of more 
than a few feet widen the strip occupied by the road, ditches and 
side slopes. Telephone poles and trees along the road require 
space, and provision for both is desirable. As a result of long 
experience in Massachusetts and California, reinforced by ob- 
servation in many other States, Austin B. Fletcher, state high- 
way engineer of California, recommmends securing a minimum of 
60 feet for right-of-way, and 60 feet wherever practicable. 

Acquiring rights-of-way is an annoying feature of the work of 
highway commissions, and in any extensive undertaking expe- 
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rience shows that the best results are obtained if the business is 
handled by one man, with whatever assistance is needed. Dip- 
lomatic methods are best but legal warfare is sometimes neces- 
sary, and whatever means must be used should be employed 
promptly in order to have the right-of-way available for construc- 
tion as soon as it is time to begin work. In some States, it is un- 
necessary for the authorities to pay for private property taken 
for public use in advance of actually taking possession. If 
the property owner is dissatisfied with the original offer of pay- 
ment or the award made to him by the public authorities, he 
may pursue his remedy in the appropriate court, even though his 
land has already been occupied by the public. In other States 
no rights-of-way can be taken before they have been acquired, 
after a vast amount of red tspe, by donation, purchase or condem- 
nation. The western States are particularly oppressed by such 
roundabout methods of entering upon private property to carry 
on improvements for the benefit of the entire community. 

It has been Mr. Fletcher's experience that the expense of ob- 
taining abstracts of title to ascertain the ownership of land is 
unnecessary. The method he has employed in securing rights- 
of-way for himdreds of miles of California highways is the fol- 
lowing; When the field parties are making the original surveys, 
the chiefs of party usually inquire from the occupants of the land 
surveyed who the owners or those interested in the property may 
be. This gives a clue to the ownership. Thereafter one of the 
staff visits the proper county officers and ascertains from the 
assessment rolls or the records who purport to be the owners. 
Deeds or agreements are then prepared, containing the proper 
descriptions, and it is very rare, indeed, that any objection has 
been, made to the accuracy of the instriunent submitted. By 
thus performing its own title searches, even though thay may 
not have always been the most exact from a title lawyer's stand- 
point, the authorities have saved thousands of dollars and have 
never had an injunction or ejectment proceeding instituted 
against them by objecting land owners. 

Curves. — Sharp curves and right-angle intersections are danger 
places where vehicles move rapidly. The width of the roads 
should be increased on sharp curves, except where it is already 
wide, and the right-of-way at right angle intersections should be 
widened and cleared so as to give drivers on the crossing roads 
a good view of approaching vehicles. This is not always prac- 
ticable, unfortunately, but road commissions should keep in 
mind that these places are dangerous, that it is their duty t»o 
reduce the dangerous conditions on the roads under their charge 
and that it is less expensive to improve these places now than it 
will be later. 
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On curves on k xoad with a, uniform cross-section there is a 
tendency for the drivers of motor vehicles to stay on the inside 
of the curves because ^he centrifugal effect of passing on the 
outside is unpleasant. In drder to make motor travel equally 
agreeable on any part of the cross-section of curving roads, it is 
now the practice to superelevate the outside of the road, as is 
done on railways. Experiments with different angles of super- 
elevation on California roads have led the highway department 
of that State to adopt a slope of f-inch rise to each foot of width 
of the roadway on all curves having radii of 300 feet or less. 
The transition from the standard crowned cross-sections to the 
uniform transverse slope stated is made in a distance of about 
80 feet. In passing from the straight to the curved road, the 
outside of the road is gradually made horizontal and then grad- 
ually tipped up until there is the same slope throughout the sec- 
tion from the inside to the outside edge. In this transition the 
inside edge remains at the same elevation it would have if the 
ordinary crowned cross-section were maintained; the change 
is made by adding to the height of the other parts of the standard 
section, so the improvement is generally called ''banking the 
curves." 

Grade Crossings. — ^The elimination of grade crossings is a prob- 
lem that frequently complicates the location or relocation of 
highways. The usual method of carrying the road imder or over 
the railroad tracks is so costly that its general use on rural roads 
is impracticable. Some of the narrow underpasses with sharply 
curving approaches that have been built on roads used by numer- 
ous automobiles at high speed are almost as dangerous as the 
grade crossings they replace. Attention is therefore being given 
more and more to comprehensive relocation as a means of re- 
ducing the nimiber of grade crossings and making those remain- 
ing less dangerous than before. For example, there was a Wis* 
consin road 23.9 miles long with 16 grade crossings and 15 
such crossings on branch roads feeding it, in addition to 3 under- 
passes and 2 overhead bridges. A careful study by the State 
highway commission showed that by reasonable relocation the 
total number of crossings could be reduced to 16 at grade, 4 
underpasses and 2 overhead bridges, and the 16 grade crossings 
would be on the branch roads, none remaining on the main road. 
The total cost of right-of-way and construction for such an im- 
pi*ovement was estimated at $35,000, much less than the cost of 
elimination in the usual manner. 

The New York State highway department has had a long 
experience in treating grade-crossing problems and as a result 
has adopted the following general rules for location at such 
crossings: 
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1. The alignment should be laid out so that approaches are 
on a tangent which is at least 400 feet long, 200 feet on each side 
of the crossing. The angle that the highway makes with the 
railroad should not be less than 60 degrees. The grade of the 
approaches should not be greater than 6 per cent, and there 
should be a portion level or nearly so for a distance of not less 
than 100 feet on each side of the crossing. 

2. On the highway within 200 feet of the raib*oad, on each 
side, traffic should have a clear view of approaching trains for a 
distance of 1,000 feet. (See Rule 5.) 

3. The width of the planked crossing shall not be less than 
24 feet, measured at right angles to the center line of the high- 
way. The ends of the pavement should be protected by an edg- 
ing of stone or concrete placed at a sufficient distance from the 
ends of the ties to allow for replacing them. 

4. A standard danger sign should be placed at each side of 
the crossing along the highway in a prominent location at least 
400 feet from the crossing. 

6. When the view of the railroad either way, as required in 
2, is less than 1^000 feet, or when there is a great deal of traffic 
on either the highway or railroad, or when vision may be 
blocked by cars or trains as in the case of a railroad with two 
or more tracks, a flagman should be employed to warn highway 
traffic. 

The New York State highway department's rules for the elim- 
ination of grade crossings are as follows: 

1. Subways shall have a clear head-room of not less than 13 
feet and a clear width between abutments of not less than 26 feet. 
The approaches when in a cut shall have a minimum width of 
28 feet between bottoms of slope. When a highway passes over a 
railroad the clear height over said railroad shall be not less than 
21 feet and the approaches when on embankment shall be not 
less than 28 feet wide across the shoulders. 

2. The alignment and grade of approaches shall be such 
that traffic at any point within the limits of the elimination 
will be able to see that approaching it for a distance of 300 feet. 
The maximum allowable grade shaU be 6 per cent. 

3. Bridges carrying railroads over highways shall be of a 
solid-floor, ballasted type. Drainage of such floors shall be 
such that water will not drop upon the roadway. Bridges car- 
rying highways over railroads shall have solid concrete floors 
with a minimmn width of roadway of 18 feet. 

4. When an elimination is made on a highway already im- 
proved, the pavement shall be of the same type as the existing 
pavement. If the highway is not improved the pavement shall 
be the same as that contemplated. 
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5. Subways shall be drained in a thoroughly satisfactory 
manner.^ 

6. The limits of an elimination shall be taken as the points of 
intersection of the approach grades of the elimination with the 
grade of the existing highway. 



REGULATIONS OF THE CALIFORNIA HIGH- 
WAY COMMISSION REGARDING 
SURVEYS AND PLANS^ 

Part L Surveys 

(a) Note Books. — Survey note books will be furnished to the 
chief of party by the Division engineer. No survey note book 
other than the standard book so furnished shall be used, and 
the use of loose sheets is prohibited. The notes placed therein 
diall be the "original" notes of the survey and shall not be copied 
from sheets or from other books. 

The standard book shall be used for alignment, topography 
and levels, and for all other information which the survey parties 
are required to secure; all notes shall begm at the bottom of the 
page and read upward. 

On beginning a survey the chief of party shall see that a proper 
entry of the Division, coimty and route, is made upon the label 
pasted to the inside of the front cover of the note book. 

Attached to the back cover of each book are several pages 
showing the "standards" required in all surveys. All survey 
notes shall conform in so far as possible to such "standards" to 
the end that all surve3rs and the manner of taking the notes thereof 
shall be uniform throughout the work. 

At the beginning of each day's work the following data shall 
be entered in the book: Date; weather conditions; names of 
members of party and duties of each. 

When no notes are taken on a working day or portion of a 
day, the date shall be entered and the reason for the loss of time 
shall be stated clearly and concisely. 

All survey and other notes shall be suitably indexed on the first 
ruled page of the note book. 

Every day at the close of the work the notes shall be copied 
neatly upon specially printed sheets furnished by the division 
engineer and numbered consecutively, and after careful check' 
ing such sheets shaU be forthwith forwarded to the division 
engineer. 

No note book shall contain notes relating to more than one 
route or to more than one county. 

1 From Austin B. Fletcher, State Highway Engineer of California. 

12 
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(b) Alignment Notes. — ^The base line of the survey shall be 
referred to the true meridian, which shall be determined by ob- 
servation on polaris. The chief of party before beginning a sur- 
vey shall procure all tables and other data needed for such deter- 
mination and observations shall be made from time to time to 
ensure the accuracy of the work. The line shall also be checked 
by magnetic bearings taken at each transit point. All angles 
in the base line shall be azimuth angles read from the back s^t 
and repeated with the telescope reversed. 

Complete traverses shall be run in all surveys and computed 
in the field. If the error of closure exceeds 1: 5000 the division 
engineer shall be notified and the party shall not move camp imtil 
he has authorized such moving. The closures shall be completed 
and computed in such lengths as the division engineer shall 
prescribe. 

The base line shall be as nearly as may be in the center of the 
proposed road. When it is apparent that a tangent base line will 
not follow the approximate center of the proposed road, a curve 
of suitable radius shall be nm. Curves shall be measured by 
computing the length of the arc and not by chords. 

If the survey follows an existing road, wire nails not less than 
5| inches in length shall be driven flush with the traveled way at 
all angle points in the base line, at the beginning and ending of 
all curves and on long tangents at intervals not exceeding 1000 
feet. 

When the base line does not follow a traveled way or when the 
roadway is so soft that nails will not hold their position, wooden 
stakes driven flush with the groimd shall be used and the transit 
point indicated thereon by a small nail. 

All transit points ^lall be properly referenced as provided 
imder the caption "Stakes." 

Stations shall be established every 100 feet on the base line 
and indicated by short wire nails driven through bits of red 
cloth into the ground to serve jas temporary markers during the 
survey. The stations and half stations shall be also permanently 
marked by stakes set on both sides of the proposed road suffi- 
ciently far removed from the base line to prevent their being dis- 
turbed during the building of the road. 

(c) Stakes. — ^All stakes which are to be used for establishing 
grades shall be made from 2x3 inch settling, from 24 to 30 
inches'in length, laid flat and sawed diagonally into two wedges, 
with the^ shsupp ends approximately i inch thick. The lumber 
from which the stakes are made shall be sound, reasonably free 
from knots, and planed on all sides. These stakes shall be driven 
into the groimd to about one-half of their length with the 2-inch 
face parfiSlel to the base line. On the right side of the road the 
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station number shall be marked plainly on the side of the stake 
facing Station O, and on the opposite side of this stake shall be 
marked to the nearest tenth, the offset from the base line. The 
face toward the road must be reserved for marking during con- 
struction. On the left hand side of the road, the offset from the 
base line shall be marked on the side of the stake facing Station 
O and the station number on the opposite side. 

All stakes used to mark monuments and for transit points shall 
be wedge shaped, not less than 1 foot in length nor less than { x 
2-inch at the top. Such stakes shall be driven flush with the 
ground unless they are so located as not to endanger the travel- 
ing public. Short nails driven into the tops of these stakes shall 
indicate the monument and transit points. 

All monument and transit points shall be referenced by three 
ties to natural objects or, if such do not exist, to stakes, as shown 
by the "standards" at the back of the note book. 

(d) Topography. — ^All objects, such as houses, barns, fences, 
gates, field entrances, trees, telephone and telegraph poles, power 
lines, railroad and railway tracks, within a distance of 150 feet 
on either side of the base line shall be located by offsets from the 
base line and recorded in considerable detail, and the limits of 
the "traveled way" on all existing roads shall be indicated. 
Separate sketches, with levels and dimensions of all essential 
features, shall be made in the note book of all bridges, large cul- 
verts and other appurtenances of the road, and plainly refer- 
enced in the topography notes. 

The azimuth from the back sight to the boundary lines of all 
incorporated cities and of all counties shall be ascertained and 
recorded. The azimuth of the boundary lines of all entering 
and intersecting highways, of township lines, and of division 
Unes between property holdings shall be ascertained and re- 
corded with reasonable accuracy, and when feasible the names 
of the owners of property abutting on the proposed road shall 
be recorded. 

When it is desirable to locate topographic features from a 
sub-tangent, the station will be measured from the nearest end of 
the curve. 

(e) Levels — ^Whenever there is a known government bench 
within 3 miles of the survey, the datum plane of such bench shall 
be adopted for the work. If no such bench is available, a datum 
plane shall be assumed at such an elevation as will be low for all 
parts of the survey. 

Benches shall be established during the progress of the work 
at each end of the survey, at city and coimty lines, and at other 
convenient points not more than 1000 feet apart, and at shorter 
intervals on grades. 
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Where no permanent objects or structures exist, a long, sub- 
stantial stake shall be driven firmly into the groimd and prop- 
erly referenced. 

On bench marks, at turning points, and on construction stakes, 
elevations shall be determined to himdredths of a foot. 

Cross section levels shall be taken to tenths of a foot at each 
100-foot station and at half stations, at entering and intersecting 
roads, for not less than 200 feet from the base line, at driveways 
and field entrances and wherever the surface of the groimd changes 
abruptly. The elevation of the center of the traveled way of 
an existing road shall be taken and properly noted when it does 
not coincide with the base line. The cross sections shall include 
the whole width between fences, and where the grade is likely to 
be changed substantially the cross sections shall cover a width 
sufficient to include all groimd likely to be affected. 

Sections shall be taken at all culverts and water crossings, and 
elevations shall be taken a sufficient distance up and down all 
streams to afford data for designing new structures. 

(f) General Data. — ^The survey notes shall contain data con- 
cerning: 

1. The location of outcropping boulders and bedrock, suitable 
for road metal or concrete. 

2. The location of all quarries near the proposed road. 

3. The location and approximate quantity of field stone 
available in the vicinity of the road. 

4. The location of all gravel pits. 

5. The location of points where good river sand can be obtained. 

6. The available points where water for sprinklers and steam 
rollers can be obtained. 

7. The location of all railroad spur tracks or sidings within rea- 
sonable haul of the proposed highway and the name of the railroad. 

8. The most advantageous locations for rock crushing plants 
along the road. 

9. The current wages paid to teamsters and laborers in the 
locations through which the road will pass. Amount paid for 
hire of mules or horses (without driver) per day. Amount paid 
for man and two-horse team per day. 

10. The locations where special underdrains should be in- 
stalled due to the existence of unstable sub-soil conditions. In- 
quiry should be made of residents and local officers regarding 
spots that break up badly in wet weather. 

11. The approximate area of the watershed at each stream 
crossing if it can be readily obtained. All high-water marks 
should be noted and inquiry as to whether or not water over- 
flows the road. 

12. All general information that may prove of value in the con- 
struction of the highway. 
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Port II. Plans 

(a) Drafting. — ^All drafting so far as possible shall be done in 
the division offices. At the Sacramento headquarters, the draft- 
ing shall be limited to work of a general nature, such €U9 the de- 
sign of standards, general maps and to such revision work of 
the plans made in the division offices as may be necessary. No 
drafting shall be done in the survey party camps except such as 
'8 immediately needed in the mountainous country to facilitate 
ibe choice of lines and grades. 

The plans, profiles and cross-sections shall be plotted in the 
division offices from the copies of the survey notes sent in daily 
by the survey parties as required imder the rules for surveys. 

(b) Working Plans. — ^The plan and profile of every road survey 
shall be plotted on detail paper 30 inches in width and of such 
length as may be found convenient, the plan to be plotted above 
the profile, and such drawings shall be known as the ''Working 
Plans." 

Plans and profiles shall be plotted from left to right, the plan 
on the scale of 1 inch to 100 feet and the profile to the same hori- 
zontal scale and to the vertical scale of 1 inch to 20 feet. 

The base line of the survey shall be plotted by coordinates 
obtained from the traverse sheets which have been made and 
calculated in the survey camps and said base line shall be inked 
in red before the topography is plotted. All angles and curve 
points shall be marked by small circles, and the even stations by 
a line | inch in length drawn at right angles across the base line. 

The even stations and the plus distance of all angle and curve 
points shall be numbered below the base line. The calculated 
bearings of the base line, together with the tangent and curve 
lengths and the radii of the curves, shall be indicated above the 
line. The right-of-way lines shall be shown in red. They shall 
be properly referenced to the base line and land comers. Where 
they are not parallel to the base line their bearings and lengths 
shall be indicated. The topography and lettering other than 
that relating to the base line shaU be done neatly and so as to 
permit of tracing easily but such details shall not be inked. 

All drafting details shall conform to the conventions shown on 
the specimen sheet furnished to each drafting office. 

The north point shall be indicated at intervals of not more 
than fifty stations. 

The datum line of the profile shall be drawn f inch from the 
bottom of the sheet and inked in black. Perpendiculars shall be 
erected at each even station and inked in black. The even sta- 
tions and plus distances shall be numbered below the datum line 
and the elevations of the present surface of the ground shall be 
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shown above the datum line and to the left of the perpendiculars. 
The elevations of the proposed finished road sirrface shall be 
shown in red and to the right of the perpendiculars. 

The present ground surface shall be drawn in black, and the 
proposed finished surface of the road and proposed rates per 
cent of grade in red. Points of change in the rate of the finished 
grade and the beginning and end of vertical curves shall be in- 
dicated by small circles. 

No title need be placed on the working plans; they shall be 
identified by the file number, and such plans shall bear the sig- 
natures of the employees concerned in their preparation and the 
date. 

(c) Cross Sections. — ^The cross sections shall be plotted to the 
scale of 1 inch to 5 feet vertical and horizontal on specially ruled 
sheets, 20 by 30 inches in size, furnished by the highway engi- 
neer. They shall be plotted from the bottom of the sheet up- 
ward and so as not to interfere with one another more than is 
necessary. The station numbers shall be placed directly below 
the datum line and across the base line. The present groimd 
surface, the elevation at the base line and the station number 
shall be inked in black. The proposed finished siuf ace, together 
with the elevation at the center of the proposed roadway, shall 
be shown in red. 

(d) Layout Plans. — ^The layout plans shall be on tracing cloth 
20 by 30 inches in size and the first sheet shall carry the title, 
small index or key maps, conventions, and the necessary certifi- 
cates and signatures, and such sheet will be prepared in Sacra- 
mento. The subsequent sheets shaU be traced from the working 
plan, shall be authenticated by the signatures of the division 
engineer and the highway engineer, shall state the whole niun- 
ber of sheets in the set and the number, of the individual sheet, 
the file number, and on each sheet shall be shown the true North 
Point. These plans shall conform as closely as is practicable in 
workmanship and appearance to the specimen sheet hereinbefore 
referred to. 

(e) Tfie Grade Line. — ^The grade shall be established tenta- 
tively on the profile imder the direction of the division engineer 
and transferred to the cross-sections and the proposed finished 
surface of the roadway and slopes shall be drawn on the sections 
with the aid of templets to be furnished by the highway engineer. 
If it appears to be desirable to shift the center of the roadway 
from the base line, the new alignment shall be located on the 
working plan by a dotted redlme. The limits of earth work 
shall be shown on the plan by a dotted red line where they ex- 
tend beyond the fences or known right-of-way lines. 

After the grade line has been so tentatively established and 
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the estimates have been completed, the working plan, cross-seo* 
tions and estimates, together with sketches pf special structm'es, 
shall be submitted to the highway engineer for his scrutiny. 

(f ) Accessions. — ^Every plan made in a division office and which 
is to remain there after it has been signed by the division engi- 
neer, shall be entered in the ''Accession Book" and described as 
required by the captions therein. All other plans and maps re- 
ceived at such offices, and which are to remain there, shall be 
likewise entered in said book. 

(g) Filing of Plans and Note Books. — ^All plans shall be filed 
flat in drawers in the division offices but during their prepara- 
tion the working plans may be rolled and folded afterward. 

When completed, the layout plans shall be filed at Sacramento 
headquarters and on the completion of a contract the cross- 
sections shall be likewise filed at Sacramento, blue prints thereof 
being furnished to the division offices. 

All note books shall be filed at Sacramento when the contract 
relating to the surveys therein is completed. 

All documents, whether plans, books or papers, which relate 
to road contracts shall be stamped with the file mark adopted. 



DRAINAGE, CULVERTS AND BRIDGES' 

In most parts of the country water is one of the most destructive 
influences on roads. When it collects on the surface it tends to 
injure the roadway imless the latter is paved with some hard, im- 
pervious material. The mudholes on earth, gravel and broken 
stone roads become soft, so that traflSc increases their area and 
depth rapidly. The impervious crust is finally broken through, 
allowing water to reach the roadbed, which gives way imder heavy 
loads and the condition of the roadway becomes very bad. If 
water collects in the ditches, it percolates sideways into the road- 
bed, softening it and eventually causing subsidence which produces 
marked irregularities in the siuface, so that mudholes form there. 
If the subgrade on which the roadbed is carried is soggy, a road 
can not be maintained on it. Charles J. Bennett, State highway 
commissioner of Connecticut, has reported an instance of this in a 
city where a 7-inch broken stone roadway was placed on a poorly 
drained clay subgrade. The roadway broke up when frost came 
out of the ground and became so impassable that stringers were 
laid on it and covered with crossplank to furnish a driveway. 
This heaving action of frost will eventually destroy any roadbed 
in which water is allowed to collect. The water expands every 
time it freezes. The expansion opens up the earth, so that gradu- 
ally more water enters it and finally there is so much in the pores 
and cracks that its expansion throws up the roadway. 

Troubles with water are particularly noticeable on grades. The 
water is not shed so quickly from the roadway on steep slopes as 
it is on fairly level roads, but runs toward the side ditches at an 
acute angle with them. If there is any check to the flow at the 
side of the roadway, such as irregularities of the surface or vege- 
tation offer, some scouring will eventually take place, and it is for 
this reason that the good condition of the shoulders of steep roads 
is important. The scouring of ditches on steep grades is a com- 
mon occurrence after heavy rains, and experienced maintenance 
men regard it as an injury that must be repaired immediately. 
If the road is on a fill and also on a grade, the handling of water 
requires special care if heavy gullying of the slopes is to be 
avoided. A gully may be cut a quarter of the way across a new 

* Revised by W. F. Childs, Jr., Resident Engineer, Maryland State Roads 
Commission. 
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road in such a location by a single heavy rain. An unusual case 
of the effect of water on slopes has been mentioned by Mr. Ben- 
nett. A road which led up a steep hill was originally only wide 
enough for one vehicle and was the drainage channel for the sur- 
face water of the hillside. The surfacing was washed away by 
every heavy rain. A new road was built by filling in stone to a 
depth of 4 feet, with an open box culvert at the bottom to carry 
whatever water might penetrate beneath the road from the sides. 
This stone fill extended the entire width of the road, from shoulder 
to shoulder, and very deep, wide ditches were provided at each 
side. There has been no trouble with this road since it was re- 
constructed in this way, showing what good drainage can do even 
in an exceptionally bad place. 

In any drainage work it is necessary to allow for the different 
water-holding cfi^acities of different materials. Experiments by 
the United States Office of Public Roads and Rural Engineering 
show that with the same condition of dryness, clay will take up 
more water than sand, but will not part with so much. The rate 
of drainage from saturated sand is almost twice as fast as from 
saturated clay during the first twenty-four hours after the mate- 
rials are allowed to drain. Silt is the slowest material to drain 
and the loams come between sand and clay. While silt and clay 
absorb more water than sand, they iJlow water to percolate very 
slowly indeed in comparison with sand, and it is for this reason 
that they form water-tight barriers when confined so their grains 
can not flow away. When in a loose condition silt permits the 
smallest amoimt of percolation, and calling the rate with this 
material 1 the rate with loose clay is nearly 3, loose sandy loam 
nearly 28 and loose sand nearly 64. With compacted materials, 
however, such as exist in a well-built roadbed, the lowest rate of 
percolation is with clay; calling it 1, the rate with compact silt is 
2, compact sandy loam 16, and compact sand 93. The experi- 
mental investigations make clear the reason for particularly care- 
ful drainage of clay and silt subgrades. 

Oeneral Methods of Drainage 

Road drainage is chiefly a matter of, first, climate; second, 
topography; and third, soil. It may be treated separately imder 
two heads, surface draining and sub-surface or under-drainage. 

In the case of surface drainage, the surface water may be shed 
in four ways, first, by cross-slope or crown in construction; sec- 
ond, by longitudinal grade after the crown is determined; third, 
by discharge into natural water-courses; and fourth, by discharge 
into artificial outlets. 

The crown should be determined by, first, character or type of 
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road; second, the locality; and third, by grade. The crown for a 
natural earth road or a shell road should be made from 1 to 2 
inches higher in construction than that which is ultimately de- 
sired. This opinion is based on the fact that these t3rpes of roads 
are more susceptible to consolidation and displacement under 
traffic than most other roads. 

In thickly populated districts a high crown is dangerous to 
traffic and the cross-slope of roads constructed through towns or 
other thickly populated distrh^ts should be reduced to that which 
is just sufficient to shed water to the gutter line. In such dis- 
tricts high crowns cause a sliding motion of vehicles and bring 
an extra strain upon lower portion of the wheels which is objec- 
tionable and causes public criticism, which, if not considered, 
brings about a certain amoimt of prejudice against modern road 
construction. Finally, in considering crowning of roads the ques- 
tion of grades must not be overlooked. Ordinarily the practice 
is to increase the crown as the grades become steeper. For all 
grades up to and indudmg 5 per cent, the crowns mentioned in 
the next paragraph are considered sufficient. When the grade is 
in excess of 5 per cent the crown should be so increased that the 
water will be shed to the side of road rather than run down its 
surface or, at least, make a curve in its course of final dis- 
charge. 

The minimimi and maximum crowns which it is desirable to 
use may be determined by multiplying half the width in feet of 
the hard-surfaced roadway by J to 1 inch for gravel roads, i to 
f inch for macadam, i to J inch for roads with a bituminous sur- 
face, and i to f inch for brick and concrete. Formerly curved 
cross-sections were used with impervious pavements, which were 
quite flat at the center and increased in curvature toward the 
sides, with the result that there was a wholly Heedless slope at the 
latter. This has been changed of late, and there is a tendency to 
use uniform slopes from the sides toward the center, where an 
angle is avoided by introducing a very flat curve. The unpaved 
shoulders are often given a slope of 1 inch per foot of width. 

There are two general methods of draining the roadbed, by side 
ditches and by underdrains, which will be explained in more detail 
later. In flat coimtry, the roadbed is best kept dry by raising it 
above the neighboring land, just as railway roadbeds are raised. 
If this is not done, it is very difficult to keep roads in good condi- 
tion. 

In undeveloped swamp coimtry, George W. Cooley, State en- 
gineer of Minnesota, has foimd the most permanent roadbeds can 
be built by constructing the embankment of material dredged from 
a drainage ditch on the upper side of the road and a smaller ditch 
on the lower side. When the swamps have soimdings of 2 to 5 
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feet, he considers that the elevation of the bottom of the dredged 
ditoh may be disregarded except that it should not be above the 
suitable theoretical grade line. This is because the surrounding 
land is swampy at all times and the subgrade can not be drained 
by any means short of draining the whole swamp. 

In ordinary flat prairie country, the elevations recommended by 
H. E. Bilger, road engineer of the Illinois highway department, 
vary with the kind of soil used in the roadbed, as follows: with 
dense clay or gumbo, where the obtainable grade of the side ditch 
is less than 0.4 per cent, not more than 800 feet of earth road in 
one stretch should have its crown less than 12 inches above the 
adjacent fields, imless the road is along a ridge or on a side hill so 
that culverts will deliver the water from the uphill ditch to nat- 
ural outlets on the downhill side. In partly impervious soils, 
such as loams, the same elevation should be maintained, when 
the side ditches have a slope of less than 0.2 per cent. With sand, 
gravel or very loose soil, the crown should be 6 inches above the 
adjacent fields. 

It is troublesome enough to care for the surface and under- 
ground water on the right-of-way, without having the work ag- 
gravated by water from adjacent property. On hillsides, there- 
fore, the water flowing down the dopes toward the road is often 
intercepted by ditches along the crest of the cuts, as shown in 
Cross-Section 2 on page 6, and carried away to suitable outlets. 
Such ditches are sometimes called "berm ditches." In sections 
where irrigation is practiced, considerable trouble is sometimes 
experience as a resiilt of the overflowing of the road, and to pre- 
vent this the following law has been enacted in Colorado: 

No person or persons or any corporation shall cause waste water, or the 
water from any oitch, road drain or flume, or other place, to flow in or upon 
any road or highway so as to damage the same, and any such person, or 
persons or corporation so offending or violating any of the provisions of 
this section for which there is no specific penalty provided shall pay a fine 
of not less than $10 nor more than $300 for each offense, and a like fine of 
$10 for each day that such obstruction shall be suffered to remain in said 
highway, and shall also be liable to any person, or persons or corporations 
in a civil action for any damages resulting therefrom; and it shall be the 
duty of the road overseer in the district in which such violation shall occur 
to prosecute any person, persons or corporation or corporations violating 
the provisions of this act. 

The water accumulating in the ditches should be discharged as 
quickly as possible into neighboring outlets. After light rainfalls, 
this may not seem important, but when a heavy rain occurs in the 
early spring while the roadway is impervious the need of numer- 
ous outlets is evident. This is particularly true on slopes, where 
a large quantity of water in the ditches is liable to scour them 
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badly. As it is not always practicable to find natural drainage 
channels on each side of the road, culverts must be built to carry 
the water under the roadway from one ditch to the other, as well 
as to provide adequate channels for the brooks crossing the rights- 
of-way. 

Although properly designed and well-built culverts protect a 
road-bed from injury, it is sometimes desirable to avoid the use 
of large structures of this class if it can be done by relocating the 
road. This is particularly the case where the beds of the streams 
are in alluvial soil which is readily eroded by swiftly moving flood 
waters. In such cases there is imcertainty whether unpaved 
channels to and from the culvert will not become so eroded that 
the structure will settle. Culverts of large size in such localities 
are comparatively expensive, and if there are many of them it is 
always well to ascertain if the number can not be reduced by chang- 
ing the position of the road. In a few cases winding brooks have 
had straight channels dug to accomplish the same purpose. This 
is particularly the case in districts where the roads follow straight 
section lines without regard to topography. 

The most elaborate investigation of surface and imderground 
roadbed drainage that has been made in this coimtry was under- 
taken by a committee of the American Railway Engineering Asso- 
ciation, which reached the following conclusions: 

Side ditches should be provided in cuts, whether the subgrade 
be in rock or earth. The minimima side ditch should be 1 foot 
wide on the bottom and 1 foot deep below subgrade. The mini- 
mum grade for side ditches should be 0.30 per cent If the rate 
of grade of the track in any cut is less than 0.30 per cent, the cut 
may be widened to permit side ditches to be constructed on 0.30 
per cent grades, or drain pipes may be laid to proper grades below 
the ditches to any available outlet. 

Efficient subdrainage of wet cuts and of saturated soil upon 
which embankments rest may be attained by the use of pipe 
drains. They should be laid immediately below the center of the 
side ditch in cuts and about 10 feet from the toe of the slopes of 
embankments and on grades of not less than 0.20 per cent. Care 
should be taken to locate the pipe at such depths that na dis- 
placement will be made in its alignment by the subsidence of the 
roadway under traffic. To this end the trench in which the tile 
is to be laid should be dug down into a motionless stratum under- 
lying the saturated material which it is desired to drain. The 
trench above the pipe should be completely filled with cinders or 
other porous material which filters the water and aids its passage 
to the pipe and prevents the intrusion of the saturated material 
under pressure of traffic. 

A water pocket beneath the track may be drained by small 
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cross drains laid in cinder-filled trenches, or by trenches filled 
with cinders, gravel or similar material. 

The committee recommended that no pipe be used with an in- 
side diameter of less than 6 inches, except for cross drains. It 
will rarely be necessary to use larger sizes than 12 inches. The 
trench should not be wider than is needed for digging it economi- 
cally and laying the pipe. 

Surface intercepting ditches should be constructed on the up- 
hill side of all cuts where they may be opened without causing 
slides. Open ditches should be dug along, and about 10 feet from, 
the toes of embankments resting on soil liable to become imstabls 
if saturated, to divert water flowing toward the embankment. 
Where an open ditch may endanger such an embankment, a drain 
pipe may be laid along the toe of its slope. In constructing ditches 
on slopes above cuts, they should not be larger than necessary in 
order that they may not become the notch or score from which a 
slide will start. They should be 10 to 25 feet from the crest of 
the cut, and the material excavated from them should be deposit^ 
on the side nearer the roadbed. 

Side Ditches 

The cross-section of side ditches should be such that they can 
be formed and maintained by road machines, if practicable, for the 
use of such equipment in places for which it is suitable gives the 
desired results at lowest cost. The sections shown on page 226 
illustrate the capabilities of road machines. In the final shaping 
of the road, care must be taken not to dig the ditches too deep at 
any place, leaving a depression to hold' water. The piupose of a 
ditch is to carry water away without retaining any of it. If any 
depressions exist they must be remedied in some effective manner. 

Very good results can be had by making side ditch 2 feet wide 
on the bottom with a 4:1 slope on the road side and a slope on 
the back side equal to the angle of repose of the particular mate- 
rial encoimtered in the excavation. The 4:1 slope on the road 
side is not dangerous to traffic, the slopes can be grassed with a 
good texture of grass and the slope is not so steep as to become 
gullied by water shed into the ditch from the surface of the road 
where the crown is excessive or the grade steep. The slopes can 
also be made and maintained with a road machine. 

The grade of the flow-line of the ditch should be 0.5 per cent if 
possible, rather more than the recommendation for railway ditches 
previously quoted, but in flat coimtry it is sometimes impracticable 
to secure such a grade. Under such conditions the grade lines for 
the ditches should be given by a surveyor, and the excavation 
made to conform exactly to the lines. When finished, these flat 
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ditches must be maintained on the true grades, or water will fail, 
to run off quickly. Flat ditches are often made wide and shallow, 
fio as to expose as much water to evaporaton as possible, and on 
well-maintained level roads care is taken that these shallow ditches 
are not unduly shaded by trees and shrubs, so that evaporation 
will be checked. 

Where there are two convenient outlets with a side ditch run- 
ning from ofie to the other, the grade may be improved and a 
deep, imsightly ditch avoided by selecting a good intermediate 
summit and drawing water both ways to the outlet. This summit 
may be regulated by the grades desired or by holding them from 
6 tp 12 inches below the sub-grade at the siunmit and running 
straight flow-line grades each way to the outlets. 

Deep, narrow ditches with steep sides have two defects fre- 
quently observed where roads are not maintained properly. One 
defect is the danger they offer to vehicles which may be crowded 
into them for any reason. The records of the Iowa State high- 
way commission for September, October and November, 1916, 
show that in that State alone 353 automobiles turned turtle, re- 
sulting in 5 deaths and 451 injuries. Just how many of these ac- 
cidents were due to ditching the cars is not stated, but this is gen- 
erally r^arded as the usual cause of overturning. Where the 
ditches are deep or the road is on an embankment with steep 
slopes, substantial guard rails should be provided. During Sep- 
tember, October and November, 1916, the Iowa records show that 
167 cars went over embankments, killing 7 persons and injuring 
234. Such a list points more clearly than general argimients to 
the great importance of guard rails that will act as real guards. 

The second defect is the relatively high velocity which water 
may acquire in a deep, narrow ditch. If the latter is protected 
against erosion high velocity may cause no trouble, but such pro- 
tection is not common and when the water rushes through an 
earth ditch the latter will become eroded and both the roadbed 
and the bank may be severely injured. 

The maintenance of ditches cut in earth on slopes is hardly 
possible unless water-brakes are constructed in them. These 
are usually heavy timbers placed across the ditch and projecting 
several inches above it. They check the flow of the water at 
intervals down the hill, and thus prevent a velocity which will 
be destructive. The ditches where they are used must be cleaned 
out after every rain or the bottoms will become filled to the top 
of the timbers and later storms will gully the road and the banks 
at their ends. In some cases, the water-brakes are heavy con- 
crete beams. Where the water attains an erosive velocity in 
ditches paving protects them better than the waterbrakes. 

Wherever practicable ditches in earth on grades exceeding 
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5 per cent should be paved. This adds somewhat to the first 
cost, even when field stone suitable for the purpose can be ob- 
tained in the vicinity, but the first cost is offset by the reduced 
expense for maintenance. 

The outlets from the ditches should receive careful attention, 
because they are frequently a source of needless expense for 
maintenance. There should be a paved channel of sufficient size 
leading from the ditch to the waterway into which the water 
is discharged. If field stone for such a pavement can not be 
obtained, it will be advisable to employ concrete. 

The protection of the embankments by grass or other vege- 
tation is a remedy for scouring used on many railways and 
some highways. Witch grass is a good species for the purpose, but 
must not be used near cultivated land. Bermuda grass and red 
top have been recommended for some localities and other varie- 
ties are probably better suited for different local conditions. 
On the Southern Railway the banks have been held by planting 
the volimteer or Japanese honeysuckle in parallel horizontal 
rows about 10 feet up the slopes. Where the slopes stand satis- 
factorily except during heavy rains, and the material is such that 
vegetation will not grow on them, they are sometimes held in 
place by covering them with coarse cinders and gravel. This 
prevents the water from combing down them imchecked and 
thus checks erosion. 

At every driveway from a road into adjoining property, there 
is likely to be an obstruction of the ditch crossed by this drive. 
If the ditch is shallow with gently sloping sides, the best drive 
from a drainage viewpoint is a paved strip from the roadway 
across the ditch into the property. Unfortunately this is not 
often practicable and rarely adopted when it is. The usual 
driveway is formed by filling dirt over a flimsy plank drain or 
a line of 4-inch tile on an insecure foundation, and this affords 
wholly inadequate drainage. A culvert with an ample water- 
way should be provided, with a substantial facing or headwall 
at each end. Sometimes culverts under driveways can be omitted 
in the case of shallow side ditches, by locating a summit at the 
entrance and running the grade down in both directions from it to 
well-defined outlets. 

At such drives attention should be paid to the amount of 
water they may discharge into the side ditches. Sometimes on 
a hillside a driveway will discharge a large volume of water at 
such a high velocity that, unless properly led away, part of it 
will flow across the road to the other side, which does the 
shoulders and roadway no good and may cause serious injury. 
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Underdrainage 

The usual method of repairing a wet place adopted by an 
untrained roadbuilder is to dump stone over it. After the stone 
has been forced into the mud by the traffic, more stone is dumped 
there, with the result that a mudhole is formed at each end of 
the stone fill. The water is in the earth and must find an outlet 
somewhere. Iiiistead of trying to seal it up, the proper remedy 
is to carry it off by some kind of imderdrainage. The problem 
of caring for underground water is, first, a matter of soils; second, 
a matter of topography; and third, one of temperatiure. There 
are many soils of a gravelly, sandy, or similar character, which 
ordinarily are self-draining to a degree and do not require par- 
ticular attention. The difficulty is with those highways built on 
clayey or loamy soils which are more or less retentive and do not 
drain readily. 

When the entire roadbed is somewhat damp or soggy it was 
formerly the general practice to lay a foundation of large stones 
wedged together by small stones and thoroughly rammed. This 
is called a Telford foimdation and is 6 inches or more thick. 
It is still used extensively for the purpose but there are sub- 
stitutes for it which have come into use. In some cases from 
6 to 12 inches of coarse gravel or small field stone are placed 
on the subgrade and rolled. Still another type of drainage foun- 
dation, developed first in Massachusetts, is formed by excavating 
the subgrade to a V-shape cross-section, 6 to 8 inches deep 
at the sides and 12 to 18 inches deep at the center, and 
filling this with field stones, the largest at the bottom. With 
any of these types, there should be an outlet every 50 feet or so 
from the lowest part of the foundation, formed by cutting a 
trench through the shoulders to the side ditches and backfilling 
it with coarse gravel or stone. Even when the road is not on 
wet land, many engineers build cross drains filled with stones at 
50-foot intervals in the top of the subgrade of gravel and mac- 
adam roads. They are 5 or 6 inches deep at the center and 
are at right angles to the ditches except on hills, where they in- 
cline slightly downhill from the center. 

In many parts of the coimtry stone or gravel is unavailable 
for such drainage work and drain tile has been employed. It 
has proved successful and economical, even when stone could be 
obtained, provided it was laid properly. Many engineers recom- 
mend using drains whenever water remains in the ground for a 
considerable period of time within 3 feet of the surface. The 
reason for this is that the maintenance of a well-drained road 
is easier work than'if the subgrade is soggy. If a heavy rainfall 
soaks the top of a road which is already soft below the surface, 
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heavy loads are liable to rut it seriously, because it will take much 
longer to dry out than a well underdrained road. In the early 
spring, when the water in the ground freezes and thaws altera 
lately, good underdrainage is particularly useful in preventing 
the upheaval of parts of the road. 

The influence of a well-laid line of drain tile upon the position 
of the upper surface of the ground-water, called the "water table" 
by many engineers, is greater than many persons realize. Prof. 
Ira O. Baker has reported the following experimental proof 
of the extent of this influence. Lines of drain tile were laid 
50 feet apart and 2^ feet deep in a field notoriously soggy 
and heavy on accoimt of the presence of hardpan which held 
the water "like a jug." Where the field was without drainage 
the water rose to within 6 inches of the surface. Where it 
was drained, the water level midway between the drains was 
18 inches below the surface, showing that even in such 
very heavy soil, the top surface of the groimd-water 26 feet 
from the drain was only 1 foot above the tile. It is this wide 
influence of good drains which makes the effect of a single line of 
deep-laid tile along one side of a road greater than that of shal- 
low lines along both sides. The general rule of agricultiu*al 
drainage experts is to place drains lOK) feet apart and at a depth 
of 3i to 4 feet. 

The drain is best laid in a trench below the ditch at the side 
of the road from which the greatest amoimtof groimd-water is 
expected. Although a large number of drains laid perfectly 
horizontal for long distances have given satisfactory service, it is 
desirable to give them a imiform dope of at least 2 inches per 
100 feet if possible. This is a somewhat lower minimum grade 
than some engineering books recommend, but is warranted by 
experience. The tile should not be smaller than 4-inch, and if 
the groimd contains a large amount of water and the outlets 
of the drains are far apart, larger sizes may be desirable, partic- 
ularly in level country. 

Tile should not be laid except from grade lines given by the 
engineer, and they must be laid accurately to line and grade. 
The trench to receive them should be no larger than is necessary 
to lay them properly at the least expense, but in opening a trench 
it is sometimes less expensive to make it wider than required for 
the tile, because of the extra cost of digging in a veiy narrow 
trench. In any case the bottom should be cut very carefully 
so as to have it. exactly on the right grade. If there is any prob- 
ability that the bottom will settle and throw the tile out of align- 
ment, a 4 by 1-inch plank is sometimes laid to support the 
tile. The ends of the tile are laid touching. Some engineers 
recommend covering the top half of the joint with tar paper or 
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burlap; but this is probably unnecessary if the trench is back- 
filled with clean gravel or broken stone from 1 to 4 inches 
in size, which is the best material to use. In any case the fill- 
ing should be porous and placed carefully so as not to move the 
tile. When the gravel or stone filling is within 12 inches of 
the surface, some engineers cover it with about 3 inches of 
hay or straw before the earth filling is placed to form the bottom 
of the side ditch. 

The outlets of the drains should be constructed with special 
care, because they are particularly liable to injury. They are 
preferably made of stronger pipe than agricultural tile, firmly 
supported and protected at the end by a substantial wall or 
facing. A drain with its end stopped is of little value. 

Pipe drains are the most serviceable type, but there are vari- 
ous substitutes. One of these is a covered trough of rough stone, 
another is a similar plank trough, and another is merely a mass 
of gravel and stones, with the largest pieces at the bottom. The 
drawback of all of these is that they tend to break down or be- 
come clogged with fine material, which can not enter a properly 
laid tile drain. 

Where the side ditches are on very flat grades, they are some- 
times drained into the imderdrains at intervals of about 0.1 mile 
by blind catch-basins. These are merely masses of coarse gravel, 
stone or brickbats reaching from the bottom of the ditch to the 
tile, and covered at the top by a low pile of similar material 
which acts as a screen. By this means the side ditches need 
not be cut so deep as to be dangerous. Where the side ditches 
carry large quantities of water which must be drained off in this 
manner, large drain tiles are needed and open brick or concrete 
inlets like those \ised on sewerage systems may be used. 

Where an embankment is built on a wet side hill, the latter 
must first be imderdrained thoroughly to prevent slipping of the 
embankment. When an embankment in such a locality begins 
to slip, the trouble may sometimes be remedied by digging large, 
deep intercepting ditches on the high side, leading to the nearest 
culverts. These ditches are usually filled with stone. Any 
pockets in the ground near the uphill toe of the embankment, in 
which water may collect and soften the neighboring earth or clay, 
should be filled. 

Size of Culvert Openings and Bridge WaUrtoays 

The waterway to be provided for large culverts and bridge 
openings depends upon many conditions, which have been stated 
as follows by Prof. A. N. Talbot: 
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1. The variation of the rainfall in different localities. 

2. The meagreness of rainfall data, since records are gener- 
ally given as so much per day and rarely per hour, while the du- 
ration of the severe storms is not recorded. 

3. The melting of snow with a heavy rain. 

4. The permeability of the surface of the groimd, depending 
upon the kind of soil, condition of vegetation and cultivation, etc. 

5. The degree of saturation of the ground and theamotmt 
of evaporation. 

6. The character and inclination of the surface to the point 
where the water accumulates in the watercourse proper. 

7. The inclination or slope of the watercourse to the point 
considered. 

8. The shape of the area drained and the position of the 
feeders. 

The importance of this item will be seen in comparing a spoon- 
shaped area where the main watercourse is fed by branches from 
both sides so arranged that water from the whole area reaches the 
culvert at the same time, with a long, narrow basin in which, 
before the water from the upper part reaches the opening, the 
rainfall from the lower portion has been carried away and the 
severe part of the storm is past. 

While there are three formulas giving the size of waterways 
for drainage areas of different sizes, it is generally agreed by 
engineers that it is best to find out by examination and inquiry 
if possible the flood heights of any stream that is crossed. The 
condition of neighboring culverts and bridge openings during 
floods should be investigated, and the nature of the channel of 
the stream and the character of its drainage basin ascertained. 
Such records are not only helpfid in determining the size of the 
structure imder consideration but are of value in showing the 
degree of reliance that can be placed on a waterway formula. 

A formula widely used in the Central States was proposed in 
1887 by Prof. A. N. Talbot. The area in square feet^f the net 
waterway is found by multiplying the three-fourths power of the 
acres drained by a coej£cient. This coefficient was taken by 
Professor Talbot as 0.33 for rolling farming land subject to floods 
when snow melts and the valley drained is three or four times as 
long as it is wide, 0.16 to 0.2 in districts not affected by snow and 
with the valleys several times longer than wide, and from 0.67 to 
1.0 for steep, rocky ground. The waterways given by this for- 
mula are stated in the table on the next page. 



DBAINAGE, CULVERTS AND BRIDQES 



31 



Square Feet of Waterway Required by TMot's FormtUafor Passing the Runoff 
from Areas Stated of Different Classes of Land 
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About 1880 the Santa Fe system began to measure accurately 
the area of the waterways of streams diuing floods in Missoiu*!, 
Kansas, Indian Territory and Texas. The work was done as 
carefully as possible and in 1897 the results were summarized 
and a table of waterway areas issued by James Dun, chief engi- 
neer of the system, for the use of his engineers. The collecting 
of such information was continued after that date, and in 1906 
an enlarged table was printed for public use, which is extensively 
employed by railway and highway engineers in the section of the 
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country mentioned. A portion of the table is reproduced here. 
Mr. Dun stated that it did not give waterways large enough for 
the floods that occurred at very long intervals and were of un- 
precedented severity, for which he did not consider it advisable 
for provision to be made. He recommended waterways 60 to 
80 per cent as large as those tabulated for culverts and bridge 
openings in Illinois, about 5 per cent larger waterways for Texas 
when the areas drained exceeded 1 square mile, and from 1§ to 6^ 
per cent smaller waterways in New Mexico for areas exceeding 
1 square mile. 

About thirty years ago, C. C. Wentworth, of the engineering 
staff of the Norfolk & Western Railway, made a careful study 
of the area of the culverts which had proved of sufficient size on 
that road, and foimd that for drainage basins of one acre and 
upward, the square feet of culvert cross-section should be equal 
to the two-thirds power of the nimiber of acres drained. This 
formula has been used for many years on that railway and found 
entirely satisfactory. The accompanying table gives the areas 
computed by it for a number of drainage districts. These re- 
lations hold good quite generally over the area between the Blue 
Ridge and the Ohio River, and have been foimd to agree with 
flood discharges in Maine, Connecticut, and New York. It 
has been suggested that with rainfalls of less intensity or flatter 
slopes than those of the section which furnishes the data on which 
the formula is based, the areas of necessary waterways may be 
taken at some percentage of those given by the formula. 

Square Feet of Waterway Required to Discharge the Runoff from Areas of 1 
to 99 Acres, Computed by the Wentworth Formula 
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Culverts 

As the amoimt of water to be carried across the roadway by a 
culvert is usually small, the majority of such structures are made 
of some kind of pipe. The defects which such culverts develop 
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at times are generally due to lack of attention to features essen- 
tial for good construction. The pipe must be laid on a perfect- 
ly firm support. If the trench for it is cut too low and must be 
leveled by replacing some of the material, the latter should be 
consolidated thoroughly before the pipe is laid, and as it takes 
considerable time to do this properly, it pays to be careful to 
excavate in the first place to the exact grade.^ After the pipe 
has been laid and the joints filled if it is made of bell-and-spigot 
lengths, the backfilling should be done with the same care used 
in good sewerage work. The earth should be rammed thorough- 
ly around the sides of the pipe, taking care not to disturb it in 
doing this, and not more than 6 inches of earth should be spread 
without ramming. The 2 feet of fill immediately over the 
pipe should be similarly placed in &-inch layers and rammed, 
and while the material above this need not be placed so carefully 
it should be thoroughly consolidated. 

The inlet and outlet of the pipe should be at the bottom of the 
ditches it connects or at the level of the bed of the brook that it 
carries across the road. Each end should have a wall or facing 
resting on an absolutely firm foundation far enough below the 
surface to remain imaffected by frost and heavy enough to hold 
back the bank resting against it. Concrete makes the best 
facing, but substantial masonry and heavy planks have given 
good service when properly used. By locating and protecting 
the ends of the pipe in this way two important advantages are 
gained, first, the thorough drainage of the side ditches and, 
second, the prevention of imdercutting of the ends of the pipe. 
If the bottom of the ditch or bed of the brook is soft, it should be 
paved for some feet above and below the culvert to prevent 
serious erosion during severe storms. At irregular intervals 
several years apart the ditches and brooks are exceptionally 
flooded and the water is liable to rise above the top of the pipe. 
If the culvert has been constructed as just recommended no 
danger need be feared, for the road will act as a dam for a few 
hours imtil these excessive quantities of water are discharged. 
A poorly built culvert is likely to be washed out, however, and 
carry part of the road with it. Standard plans for culvert head- 
walls can be obtained from most State highway departments and 
from the United States Office of Public Roads and Rural Engineer- 
ing at Washington. 

Where a pipe culvert is carried across a side-hill road, dis- 
charging on the outer slope, some form of channel is often neces- 
sary for carrying the water down the side of the embankment 

* If the sub-grade is so^gy it is well to lay the pipe on a concrete floor 
running from the foundation of one head wall to that of the other. Bell 
joints snould be laid up-hill. 
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without causing erosion. Gutters of rough stone paving, con- 
crete channels and metal troughs have all been used for this 
purpose. 

When a culvert is formed of two pipes laid side by side, which 
is desirable where the grades are very flat, or the bed of the brook 
is wide and the depth of water shallow even after heavy rains, 
particular care must be exercised in consolidating the filling be- 
tween the pipes. 

In a few places, where timber is abimdant and cheap, cul- 
verts of heavy plank are used, but at the best, they are only 
temporary structures, and it is unwise to put temporary works 
which are costly to replace in a roadway graded to permanent 
lines. The same is true of box culverts of dry masonry, with 
unpaved bottoms. Masonry culverts laid carefully in cement 
mortar are rarely so cheap as permanent pipe or concrete cul- 
verts. Plans and instructions for building concrete culverts 
can be obtained on application from most State highway de- 
partments and from the United States Office of Public Roads 
and Rural Engineering. 

Any type of concrete culvert should be built carefully or 
frost will cause trouble with it. The sand and gravel or broken 
stone must be clean and graded so as to give a dense mixture, 
and the mixing of the mortar must be thorough. The forms 
must be strong and tight and located so that the structure will 
be true to grade. The headwalls in particular should be carried 
down to a secure foundation, and piling or a substantial timber 
platform should be used to carry the concrete in case there is 
any doubt whatever of the supporting power of the underlying 
material. 

The general tendency of rapidly flowing streams is to lower 
their beds. This results in time in leaving the culvert floor 
rather high for the natural bed of the stream and the water finds 
its way underneath. A substantial cross wall at the outlet end of 
the culvert, carried well below possible wash, is effective in stop- 
ping this class of under-cutting, A frozen earth floor will some- 
times act like a plank floor in causing such undercutting, and 
hence good cross-walls are advisable in all culverts, whether 
floored or not. If the channels leading to or from a culvert are 
in soft material liable to erosion, they should be paved or pro- 
tected by brush and heavy stones. 

Bridges 

Structures with a clear span exceeding 6 feet are generally 
classed as bridges and should be permanent improvements on any 
road brought to final grade and alignment. There has been 
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such great waste of money in past years on the bridges on rural 
roads that the highway departments of most states have prepared 
standard plans and specifications which cover most needs of 
local road officials, and similar standards have been prepared 
by the United States Office of Public Roads and Rural Engi- 
neering. Structures of this character should only be built imder 
competent engineering supervision, both as to substructures and 
superstructures. There is an unfortunate tendency on the part 
of highway commissions to endeavor to save money by omitting 
desirable precautions such as piling, which insure the safety of 
the bridges under conditions which an engineer recognisses as 
dangerous. For example, an unusually heavy rainfall in north- 
eastern Iowa in June, 1916, washed out 163 bridges. Some were 
old structures that needed replacing at an early date, but others 
were expensive new structures of good design and construction 
except for the fatal omission of the piling under the founda- 
tions which was recommended by the engineers but left out to 
reduce the cost. Not a bridge built according to the standards 
of the State highway commission was damaged. 

There are many bridges which have been in service for a long 
period of time without suffering any injury, although their sub- 
structures are in streams with an easily eroded bottom and banks. 
For example, the Walhouding aqueduct on the Ohio canal system, 
built about 1830, has four piers and two abutments in a stream 
with a fairly swift current, rising suddenly to a great height. 
Both its banks and bed near the aqueduct are rapidly eroded 
unless protected. The piers and abutments rest on double plat- 
forms of hewn timbers, laid crosswise and carried by piles driven 
close togethw near all four sides of each base. Brush and heavy 
stone were placed on the river bed around each foimdation and 
a row of strong piles was driven across the river bed just below 
the aqueduct to prevent the removal of the brush and stones by 
the current. Such a record of endurance made by structures 
built before the beginning of the present era of scientific engi- 
neering shows how needless are most of the washouts of expen- 
sive bridges that occur every year. 

As bridges on improved roads should be permanent struc- 
tures, they should be designed to carry a heavy roller followed 
by a trailer loaded with coal. A bridge capable of supporting 
a 15-ton roller will carry any of the heaviest field guns now 
used in Europe. 

Money is saved by having the plans and specifications for 
bridges of reinforced concrete or steel prepared by an expe- 
rienced engineer, so that all bidders on its construction will base 
their estimates on the same structure and that structure will be 
adapted to the locality and service. If each bidder must prepare 
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his own plans, the expense of doing so is added to the cost of the 
fabrication of the steel and the erection of the structure. This 
makes a general increase in the cost of bridges in a district where 
the practice is followed, for many unsatisfactory plans must 
be prepared for one that is satisfactory. Furthermore the com- 
mission awarding the contract must not only pick out the lowest 
bidder but also decide which is the best plan, which may not 
be that offered at the lowest price. 

In level country where a stream overflows its banks during 
heavy floods and bridges above the flood level require long expen- 
sive approaches, what are known as overflow bridges are coming 
into quite extensive use. They are structures designed to be 
submerged by the floods and to offer as little obstruction as pos- 
sible to the water passing over them. If the floods are likely 
to carry large quantities of brush, the bridges are kept partic- 
ularly low so the brush will pass freely over them when they are 
submerged. The rpads leading to a nimiber of such bridges 
have concrete pavements extending to the limits of the sub- 
merged areas, for earth, gravel and broken stone roads are liable 
to serious injury from water flowing across them. As the injury 
to overflow^ embankments generally starts at the top of the 
downstream slope, the latter is often protected against scouring 
by covering it with heavy stone. Stone with roimded edges is 
less suitable for this piu*pose than stone of an angular shape, 
because the former is rolled about more easily. 

Fords 

Where money is limited, the cost of building even a submerged 
bridge is heavy, and the stream to be crossed is shallow, a ford 
is sometimes constructed as a serviceable temporary expedient. 
In Washington Coimty, Utah, for example, there is a stream with 
a sandy bottom which is dry at some seasons and dangerous 
during floods on account of the treacherous nature of the wet 
sand. A ford has been constructed which consists of two rubble 
walls 4 feet deep and 2 feet wide, with a 2-foot rubble fill between 
them. The entire width of tjiis rubble fill from one wall to the 
other is 20 feet, and the stones of which it is made were laid in 
a dense mixture of sand and clay, which is not easily washed out 
of the voids between the stones. The upstream wall was laid 
dry but had 16 inches of clay puddled against the entire depth 
of its outer face. The downstream wall was laid in lime mortar- 
Near Shelbyville, Tennessee, fords have been made passable 
at all times by constructing a nimiber of parallel culverts close 
together to carry the usual flow of the stream and building a 
concrete roadway over these culverts to give a safe footing for 
horses and a secure roadway for automobiles during high-water 
when the roadway is submerged. 
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As a very large proportion of our country roads must be earth 
roads for many years and the basis for any type of surfaced high- 
way is a properly located^ drained and graded earth road, the rela- 
tive importance of this type is very great. If earth roads were 
properly constructed and maintained, and their culverts and 
bridges were permanent structures, a large part of the road taxes 
now wasted would produce useful returns. It is proper for both 
highway commissions and engineers to devote a large part of 
their time and money to the improvement of the main roads 
which are of service to the largest number of taxpayers, but there 
is a deplorable lack of efficiency in the care of the local dirt roads in 
many parts of the coimtry. In some States, of which New York, 
Illinois and Iowa are examples, these roads are under some super- 
vision, directly or indirectly, by the State highway department, 
but generally the local authorities do as they please. For in- 
stance, in 1916 there were 71,000 miles of roads in Wisconsin in 
sole charge of local officials, who spent about $4,600,000 on them. 
The work was subdivided among nearly 13,000 road districts, 
each with a road supervisor, and there were 3750 members of town 
boards with general control over road work. Of these 16,750 
officials, about one-fifth drop out of office annually. During 
the ten years ending December 31, 1916, nearly 50,000 men 
were in charge of local road work and over $40,000,000 spent by 
them, with few perceptible lasting improvements. A system 
giving such results is manifestly wrong, and should be replaced 
by one with a smaller nimiber of road officials having greater 
authority and responsibilities and serving longer terms. It will 
seem from the following notes that the construction and mainte- 
nance of earth roads calls for executive ability and skill that can- 
not be obtained imless fair permanence in office is assured. 

The construction of earth roads falls into two general classes, 
that where there are cuts and fills and that where the road is 
formed by building a low embankment on the surface. Except 
where the length of road is great enough to use elevating graders 
with economy, these two classes are generally built by different 
methods. 

^ Reviiied by W. S. Keller, State Highway Engineer of Alabama. 

37 
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Cvis and FiUs 

In grubbing roots and breaking hard ground to a shallow depth, 
a rooter plow is often used, which is a heavy type of subsoil plow 
made for the purpose. The road plow is a heavy form of turning 
plow used in hard groimd where the cuts are shallow. Either 
type is drawn by four to eight horses or a tractor. Plows are 
also specially made for pushing soil already loosened from ditches 
toward the center of the road. 

When the cut is more than a few feet in depth and the mate- 
rial loosened with diflBculty, it is often blasted. The fastest and 
most economical method of doing this is to sink holes across the 
cut on a line back from the face a distance about one-fourth 
greater than the depth of the cut and about the same distance 
apart. When the cut is 6 feet or more deep, the line of holes 
is kept about 6 feet from the face and the holes are sunk about 
6 feet apart. They are loaded with a low-strength explosive 
and care must be taken not to loosen the groimd below the fin- 
ished grade line. The use of explosives in road grading in other 
material than rock has been extending rapidly on accoimt of its 
low cost and the rapid progress that can be made imder suitable 
conditions, for the blasts leave the clay or hardpan in a broken 
up condition making it easy to handle. On side-hill cuts in heavy 
ground, where the slope is steep and there is some question about 
the security of an embankment to carry the outer part of the 
road, a safe roadway can often be blasted out of the hill at a cost 
comparing favorably with a road partly supported by a retain- 
ing wall. Even on easier slopes, where a long side-hill cut in 
heavy ground must be made and the excavated material can be 
employed as an embankment to carry the outer part of the road- 
way, the excavation is often made by blasting. Blasting is 
also an effective method of breaking up stximps and boulders. 

Where the material is easily handled and can be dumped within 
100 feet of the cut, slip scrapers are generally regarded as the 
least expensive equipment. The Fresno scraper is regarded as 
better than the slip scraper for hauls exceeding 100 feet. If the 
haul exceeds 100 feet and is under 1000 feet, wheel scrapers are 
ranked highly. The large sizes are most desirable for econ- 
omy on hauls over 600 feet. The material is usually plowed so 
the wheelers can be loaded easily, and it is necessary to have 
about one of them for every 100 feet of haul in order to work 
most economically. Bottom-dump wagons can be made to give 
very low hauling costs if enough are provided so that while one is 
being loaded at the cut, the driver and team which brought it in 
can be used in hauling a loaded wagon. 

In recent years traction steam shovels have been growing stead- 
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ily in favor for road grading. They make shallow cuts as easily 
as deep cuts, and have taken out earth and rock at very low 
figures when the equipment for removing the excavated mate- 
rial was properly selected and used so as to keep the shovel work- 
ing most of the tim^. The economy of steam shovel operation 
depends upon the proportion of the working day that it is ac- 
tually digging, and this depends upon having wagons or cars 
ready to receive the excavated material. The wagons or cars 
may often be run along the top of the bank of a shallow cut 
and kept moving in a continuous line, saving the delay of tum-^ 
ing and backing up to the shovel, which is necessary when 
they move over the graded cut. The utility of a shovel on road- 
work is increased if it can be employed in a gravel pit or quarry 
when not grading. 

The bottom of the cut shoidd be carried down approximate- 
ly parallel to the finished cross-section, and care shoijdd be taken 
not to disturb the material below the grade line. In very heavy 
ground, the final trimming is sometimes done by hand, but gen- 
erally a road machine can be used to advantage. 

Where a fill is made, the surface must be cleared. Stumps 
should be grubbed out^ and aU large material liable to decay 
should be removed, for if left in place the fill will settle as it rots 
or have loose places likely to retain moisture. If the fill is on 
a steep side-hill, the latter shoidd be cut into a series of level 
benches or steps and the drainage should receive careful atten- 
tion. If the hill has a gentle slope, it is usually sufi&cient to plow 
parallel furrows, which will furnish a suflSciently uneven surface 
to hold the fill. The object in any case is to imite the material 
in the bottom of the embankment with that of the hillside. 

If the road will be maintained as an earth road for several 
years, so it will have ample time to become consolidated under 
traffic before any surfacing is applied, there is usually little rea- 
son for limiting the thickness of the layers in which the embank- 
ment is built. But if a surfacing is to be given the road at an 
early date, the layers should not exceed 2 feet for high fills and 
1 foot for low fills. The teams and scrapers moving over the 
fill compact it to some extent. Formerly little attention was 
paid to smoothing the surface of the layers, but of late this has 
been considered important in some states and drags are kept 
at work on a bank a large part of the time. George W. Cooley, 
State engineer of Minnesota, has explained this leveling work 
as follows: 

^ It is not customary in the South to require green stumps and roots to 
be grubbed where the fill over their tops is as much as 18 inches. Any 
matter in process of decay must be removed but a green stump sealed in a 
fill so that air will not reach it lasts forever. 
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In Minnesota the plan has been adopted in the construction of earth 
roads to require the continual use of a drag or planer on grade building. 
This latter plan has been found very efficient and renders future work on 
the surface less exoensive, besides tending to produce a more compact 
road bed. The tool found most satisfactory in this work is that known 
as the ''Minnesota road plane/' which consists of the two blades of an ordi- 
nary road drag, fixed between a pair of runners about 14 feet long, the blades 
set at an angle of about 60 decrees to the runner and made rigid or adjust- 
able as may oe deemed best. The planer is hauled on a line parallel with 
the axis of the road and its operation is similar to that of the ordinary.drag. 
with the additional advantage of making a smoother surface. The old 
style drag without runners has a tendency, especially on new work, to 
increase tne waves or undulations frequently occurring on road construc- 
tion, while the planer eliminates these faults and as a general maintenance 
tool has proved the most satisfactory. 

All embankments settle or "shrink" for some time after they 
have been built. If the material is broken into small pieces and 
trampled by teams, the shrinkage will be less than if it is dumped 
in large masses. There is little shrinkage in a well-built earth 
dam to impound water, but road embankments need not be 
built so carefully, and it is probably desirable to allow for at 
least 10 per cent shrinkage of embankments over 3 feet high and 
at least 15 per cent for those under 3 feet. If loamy material is 
used in the embankments the shrinkage will probably be greater 
than this. 

Grader Work 

A large part of the earth roads now built or reconstructed are 
made with road machines. These are built in many sizes for 
both horse and tractor hauling, and serve a variety of purposes 
in an economical maimer. They are not adapted for making 
cuts and fills, although frequently employed in shaping a road 
after the grading has been done. The method of using the 
machine on construction is explained in the following instruc- 
tions prepared by W. S. Gearhart, State engineer of Kansas: 

In building new roads with a road grader the dead weeds and grass 
should first be burned off before any grading work is done, and the width 
of the road to be graded should be staked so the ditches can be properly 
'lined up. Then plow a light furrow with the point of the grader blade, 
carrying the rear end of the blade well elevated.^ On the second round 
drive the wheels in line with the point along the hollow made the first 
round, plowing a full furrow with tne advance end of the blade, dropping 
the rear end somewhat lower than before. The third time mova toward 
the middle of the road the earth previously plowed, then return to the 
ditch and plow it out deeper, movmg the earth toward the middle when- 
ever as much has been plowed as the machine will move at once. Repeat 
this process until the ditches are the proper depth, and then cut off the 
ouJber slopes of Uie ditches by placing one wheel of the grader in -the bot- 
tom of the ditch and the other one on the bank. This can be done easily 

^ A plow is necessary in breaking up the ground except in light soils. 
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if the bank is not more than 30 inches above the bottom of the ditch. Then 
trim the earth to the true cross-section. Thoroughly harrow the loose 
material with an ordinary straight-tooth harrow if there are no clods, goins 
over it until the bumps have been leveled off, the low places filled up and 
the material well compacted. If there are sods or tough lumps of earth 
in the road a disk harrow should be used tp pulverize this material, and 
the disk harrow should be followed by a drag or a straight-tooth harrow 
to level and smooth the road. No newly graded road can be finished in 
good shape without using either the harrow or the drag, or both. 

In the later rounds of a road machine, in the final shaping 
of the road, part of the loose material in the center of the road 
is pushed back to the shoulders. The settlement on fills will 
result in losing about 2 feet in the width of the roadway, and the 
fills should be made wider than the standard sections to allow 
for this loss. In doing this final work, the blade of the grader 
is set at an angle of about 45 degrees with the direction of travel, 
its ends adjusted to the slope of the road, and lowered as a whole 
on successive rounds. 

If the work is on a scale large enough to warrant the use of two 
graders hauled by a tractor or roller, a trained grading crew is 
often able to build a good roadbed at very low cost. Mechani- 
cal traction has resulted in the development of methods of con- 
struction impracticable when teams of four to eight horses were 
employed, and as a general proposition mechanical traction is 
most economical when the sections to be graded are a quarter 
of a mile or more long, and there is enough work in the vicinity 
to keep a tractor busy most of the time.^ Time lost in standing 
idle or moving long distances from one grading job to another 
reduces the economical advantage of a tractor on work not well 
organized. In many cases the hauling is done by a road roller. 
Tractors and rollers are particularly good investments where 
labor and teams are hired at high rates and not always obtainable. 
Mechanical traction is so much more powerfid and rapid than 
horse traction, that its total saving on road work can only be 
figured by including the saving in labor charges due to speedy 
construction. 

Where road grading is carried on by day labor by district offi- 
cials, preparation is sometimes made for it in late fall or early 
spring by plowing up the groimd along the lines of the ditches 
and slopes. This disintegrates the sod and prevents the roots 
of grass and weeds from forming clods which must be broken 
up by disk harrows or thrown out of the road with forks. While 
it is allowable to build an embankment on good sod after it has 
been burned over, neither sod nor any other organic material 

^ Traction grading with heavy road machines is better adapted for some 
eonditions than others, and the advice of an experienced engineer should be 
obtained before purchasing expensive equipment 
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should be allowed in the embankment unless reduced to small, 
disconnected bits. If clods are left in a fill, particularly in the 
top, it is very diflBcult to maintain by dragging a hard, uniform 
surface free from depressions and waves. 

Grading by machines is often followed up immediately by 
hand trimming and the removal of loose stone. Easing upon 
work by leaving steep, untrimmed slopes and uneven ditches 
results in heavier maintenance expense. 

In organizing grader work, it is desirable to keep on hand re- 
pair parts of the machines, such as blades and whiffletrees, as 
well as plow points and other parts of the equipment likely to 
wear out. The small tools should be selected "with care, for 
observation by efficiency specialists has shown that the shape 
of a shovel, for example, has considerable effect on the amount 
of shoveling a man can accomplish in a day. Hard earth cannot 
be dug economically by the shovel best adapted for loose earth, 
and neither is best for gravel and broken stone. 

On extensive work the elevating grader has proved an eco- 
nomical and rapid machine when a mile or more of road can be 
traversed without txuning the outfit. Such a grader is often 
hauled by a traction engine, which rolls the material it passes 
over and thus assists materially in making a compact road. The 
method of using the grader depends upon the nature of the work 
to be done. In cuts, the grader often discharges the excavated 
material into wagons driven beside it until full. These wagons 
haul the material to the nearest fills. In light cuts, the material 
is deposited on the roadway and moved to the nearest low places 
in the road by slip or wheel scrapers. The cut is usually started 
at the shoulder and the grader moves toward the roadside on 
successive roimds, so that the excavated material is deposited 
nearer and nearer to the center of the road by the elevating and 
discharging device. The road should be dragged during con- 
struction, and as soon as the rough grading is finished it should 
be shaped at once. In this connection attention is called to 
the following comment by the Iowa highway commission: 

The impassable condition to which some contractors and county road 
crews reduce their roads while cuts, fills and other improvements are being 
carried out, is absolutely inexcusable. The worst conditions usually 
arise at leveling or smootning up while dumping is in progress. The dirt 
of the fill so dumped packs in humps so that sometimes it is impracticable 
to eradicate the unevenness for years. A little care in spreading the dirt 
evenly at the time of dumping results in the fill packing m thin, even lay- 
ers instead of himips. Such a road is travelable durine construction, 
and when the fill is completed the job is done. A Marshall County road 
crew solved the problem by keeping a light road drag at hand. Frota time 
to time a team was unhooked from a scraper and hitched to this. A few 
minutes work put the freshly dumped material into thin layers instead 
of humps. 
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The utility of a road roller on earth roads is generally under- 
estimated. After the earth has been given as much crown as 
the road can have and still enable the traffic to use its entire sur- 
face readily, any further improvement of the surface drainage 
must be attained by decreasing the porosity of the earth. This 
can be done by oiling the road as described later in the section 
on Surface Applications, and by reducing the pores of the earth 
by rolling. The latter is particularly useful in compacting places 
of a yielding character. Many counties have purchased rollers, 
placed them in charge of competent men, and rent the outfits 
to the townships as the latter need them. In some cases, a roller 
is bought by a nimiber of townships, acting as a whole. The 
work of a roller outfit is likely to be unnecessarily expensive if 
it is not carefully planned so as to avoid long journeys to do small 
jobs. 

Dragging 

Earth roads under light traffic can be kept in good condition 
during a large part of the year by dragging and proper care of 
the ditches. It is an axiom in road maintenance that defects 
in the surface of a road should be remedied as soon as they 
appear, because traffic will develop them quickly. The earth 
road is particularly subject to injury because it does not have 
hard stone locked in place to resist the destructive effect of horses' 
shoes, narrow tires and pneumatic tires. On the other hand it 
is more easily repaired than any other road, because as soon as 
its surface is wet by rain the ruts and holes can be filled by haul- 
ing a drag over the surface. This scrapes material from the 
high points into the depressions and rubs down the whole sur- 
face. The following explanation of the nature of the improve- 
ment has been given by A. R. Hirst, State highway engineer 
of Wisconsin: 

If a sample of moist earth is taken from the traveled portion of a road 
over a gumbo, clay or black prairie soil, it will be foimd practically imper- 
vious to water, as may be proved by forming a roughly shaped dish of damp 
earth and filling it with water. It will be noticed that tne dish is practi- 
cally water-tight. Earth in this condition is what the clay workers call 
puddled. It has been worked and reworked by the carriage wheels and 
animals' hoofs until nearly all the traveled portion of a sticky muddy 
road is covered with a layer of this impervious, puddled earth. As usually 
found on most of the roads, this puddled earth is full of holes and ruts, 
which are filled with water that cannot escape through the impervious 
soil. As long as the water remains the soil cannot dry out and the road 
is kept in a most uncomfortable if not impassable condition. It is also 
a matter of observation that this puddled earth when compressed and dried 
becomes extremely hard. On these two facts, the imperviousness of pud- 
dled earth and its hardness when dried, rests the theory of road dragging. 
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When the road drag is properly used it spreads out the layer of imper- 
vious soil over the surface of the road, filling up the ruts and hollows until 
a smooth surface is secured. As a small amount of material is always to be 
pushed to the center, a slightly rounded effect will be given to the road, 
which may be increased or decreased as desired by subsequent dragging. 
By forcing the mud into the hollows and ruts it is evident that the water 
must go out, which it does by rimning off to the side of the road. The 
drying out of the road is thus much facilitated and the road is made imme- 
diately firmer because the water is squeezed out. The effect of traffic 
over the road tends to press down and thoroughly compact each thin 
la3^er of puddled earth which the drag spreads over the surface every time 
it is used. After the first few draggings it will be noticed that the road is 
becoming constantly smoother and harder so that the effect of a rain is 
scarcely noticeable, the water running off the surface which is so smooth 
and hard as to absorb but little of it. 

The drag is an old implement. It was described in a book by 
William Gillespie published in 1851 and widely used by stu- 
dents of engineering and public officials, yet the drag did not 
come into favor imtil about 1900. Even today it is not used on 
more than a small percentage of the roads where it should be 
employed regularly. It has a nimiber of forms, the essential 
feature being two parallel blades held vertically or nearly so 
about 2i feet apart by a frame of some sort. The bottom of 
each blade scrapes over the surface of the road. The rear blade 
projects 12 to 16 inches to one side of the front blade so that 
when the drag is pulled at an angle of 30 degrees, the ends of the 
blades will be on a line parallel with the center of the road. The 
drag is hauled by a chain, to which the team can be hitched at 
points that will make the drag lie diagonally on the road as it is 
pulled along. The manner of its use has been described sub- 
stantially as follows by the United States Office of Public Roads. 

Under ordinary circumstances the position of the hitching link on the 
draw chain should be such that the runners will make an angle of from 
60 degrees to 75 degrees with the center line of the^road, or in other words, 
a skew angle of from 15 degrees to 30 degrees. It is apparent that by 
shifting the position of the hitching link the angle of skew may be in- 
creased or diminished as the conditions require. When dragging imme- 
diately over ruts or down the center of the road after the sides have been 
dragged, it is usually preferable to have the hitching link at the center of 
the chain and to nm the drag without skew. When the principal pur- 

Eose of the dragging is to increase the crown of the road, the drag should 
e sufficiently skewed to discharge all material as rapidly as it is collected 
on the runners. On the other hand, if depressions occur in the road sur- 
face, the skew may perhaps be advantageously reduced to a minimum, thus 
enabling the operator to deposit the material which collects in front of the 
runners at sucn points as he desires by lifting or otherwise manipulating 
the drag. It is unpracticable to prescribe even an approximate rule for 
fixing the length of hitch, because it is materially affected by the height 
of the team and the arrangement of the harness, as well as by the condi- 
tion of the road surface. Experience will soon teach the operator, however, 
when to shorten the hitch in order to lessen the amount of cutting done 
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by the front runner and when to lengthen it in order to produce the oppo- 
site effect. Care should be taken that a ridge, often called a ''potato 
ridge," is not left in the center of the road. 

When the road surface is sufficiently hard or the amount of material 
which it is desired to have the drag move is sufficient to warrant the oper- 
ator standing upon the drag while it is in operation, he can greatly facili- 
tate its work by shifting his weight at proper times. For example, if it is 
desired to have the drag discharge more rapidl^r, the operator should move 
toward the discharge end of the runners. Tms will cause the ditch end 
of the runners to swing forward and thus increase the skew angle of the 
drag. The operator ma^, of course, produce the opposite effect by moving 
his weight in the opposite direction. In the same way. he can partially 
control the amount of cutting which the drag does by snifting his weight 
backward or forward, as the case may be. 

The rule frequently cited, that all earth roads should be dragged 
immediately after every rain, is in many cases entirely imprac- 
ticable and is also very misleading because of the conditions 
which it fails to contemplate. It is true that there are many 
road surfaces composed of earth or earthy material which do 
not become very muddy under traffic, even during long rainy 
seasons, and since such surfaces usually tend to harden very 
rapidly as soon as the weather clears up, it may be desirable to 
drag roads of this kind immediately after a rain. Such roads, 
however, would not ordinarily need to be dragged after every 
rain, because of the strong tendency that they naturally possess 
of holding their shape. On the other hand, many varieties of 
clay and soil tend to become very muddy under only Ught traffic 
after very moderate rains, and it is evident that roads constructed 
of such materials could not always be successfully dragged imme- 
diately after a rain. Sometimes, in fact, it may be necessary 
to wait until several consecutive clear days have elapsed after 
a long rainy spell before the road is sufficiently dried out to keep 
ruts from forming almost as rapidly as they can be filled by drag- 
ging. In many cases of this kind, however, it is possible greatly 
to improve the power of the road to resist the destructive action 
of traffic during rainy seasons by repeatedly dragging it at the 
proper time. 

Maintenance by dragging is most successful when well organ- 
ized. The results obtained by good management in Hopkins 
County, Kentucky, are frequently cited as indications of this, 
and for this reason the following accoimt of the work there is 
quoted from a report by the Kentucky department of highways. 

In 1912 a county engineer was appointed. The county roads were 
measured under his supervision and 2-mile sections designated, and in 
January, 1913, drags were started on about 100 miles of the county roads. 
This original contract was only for dragging the roads, which work was 
to be done four times between January 1 and April 1, at a cost of $10 to 
$12 per mile. As the sections dragged were not continuous, the citizens 
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at once appreciated the difference between the maintained road and that 
which was not maintained. Consequently the next contract, which 
called for dragging and also for cleaning the ditches for six months, until 
November, 1913, resulted in contracts for 150 miles of road and at a re- 
duced cost. In November, 1913, a contract substantially like that now 
in use was adopted and the time of the contract was for one year, or until 
November, 1914. Over 200 miles were maintained this year at an average 
cost of $28 per year per mile. For the year from November, 1914, to No- 
vember, 1915, the benefit of the main tamed roads was so well understood 
by the citizens that 560 miles were under contract at an average cost of 
$24.35 per mile per year. 

In November, 1915, a two-year contract was entered into, which the 
county may revoke for non-performance of the obligation at the end of 
the first year. About 520 miles are now imder contract, at prices ranging 
from $12 to $40 per mile i>er year, the average being $22.10. It is expected 
this mileage will soon be increased. Originally a contractor was allowed 
to have charge of 8 miles, but now he is not allowed to contract for more 
than 4 miles of road. Under the 1915 contracts the contractor must trim 
the branches which overhang and interfere with travel on the roadway; 
keep the roadway between ditches free from shrubbery and weeds; keep 
the ditches clean, free from obstructions, and at all times capable of car- 
rying the water. ''He shall by June 1 each year grade the roads with dump 
scraper, grader, drag and ditcher, or in any way he may see fit, so that the 
center of the roadway shall be crowned so that the water will flow from the 
center of the road to the side ditches, and at no place will the water stand 
on the road or run down the road. The road shall be dragged from ditch 
to ditch at each dragging, when the road is wet, but not sticky." 

A record of the, number of draggings is kept by the county engineer 
on cards which, before mailing by the contractor, are countersigned by the 
rural route carrier or a reliaole citizen. The contractor also hauls ma- 
terial and constructs all culverts and bridges of 10-foot span or under, and 
keeps the approaches to and the floors and abutments of all bridges and 
culverts on nis road in good traveling condition. An analysis of these 
contracts shows that where the contract has been faithfully executed 
there is a decrease each year in the cost per mile, mainly because the far- 
mer contractor has learned from experience that continuous maintenance 
makes a lower cost of time and labor each succeeding year^ 

In the semi-arid regions, the soil is often of a very light nature, 
so lacking in adhesive qualities that strong winds or flowing 
water erode it and travel abrades it rapidly into fine dust. It is in 
its best condition to carry travel when it is moist, but if it be- 
comes saturated with water it is almost impassable. Chuck 
holes a foot deep are formed in dry weather in an earth road 
through such soil, and as they become filled with light dust they 
are a serious impediment to easy travel. Clay or gravel con- 
taining clay improves the roads when worked into them. The 
ditches should be wide and shallow, rather than deep, and the 
crown should be rather low for an earth road, in order to retain 
moisture in the roadbed. For the same reason, all grading and 
ditching are best done just before or during the rainy season, 
in order to have plenty of water to pack the soil. On account 
of the pulverulent nature of the material, the ends of all culverts 
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must be planned carefully and riprap or some other material 
placed to prevent erosion about the inlets and outlets. The main 
problem with earth roads in such soils is to keep the roadbed 
damp and to incorporate with it adhesive or fibrous material 
which will act as a binder. 

SandrClay Roada 

The grains of which sand is composed are xisually hard and 
tough and able to resist abrasion if held securely in place. In 
an asphalt pavement they are held by the asphalt and a wearing 
surface of great resistance to abrasion results. In a sand-clay 
road they are bound together by clay in a less firm manner but 
one giving excellent results on well-drained roads carrying light 
traffic. The aim of the builder of such a road is to employ just 
enough of the stickiest clay at his command to fill the pores of 
the sand and to mix these materials together so thoroughly that 
there are neither limips of clay nor pockets of loose sand left in 
the surfacing. This gives the maximum amount of hard sand 
to carry the traffic and the minimimi amount of clay to bind it. 
More sand makes a less durable road and more clay makes one 
which becomes soft more rapidly when wet. 

There is a great difference in the value of different clays for 
such work. Some of them become dough-like when mixed with 
a certain amount of water and can be molded into objects which 
retain their shape after drying. If these molded objects are im- 
mersed in water they will retain their form for a long time. These 
varieties are called ''plastic clays" and the most plastic are 
called "ball clays." There are other varieties which fall to pieces 
more or less quickly when wet, as quicklime does, and they are 
therefore called "slaking clays." They are more easily mixed 
with sand than the plastic clays but they have much less bind- 
ing power and a road built with them is less durable when dry 
and more easily rutted when wet. The amount of clay to be used 
can be determined by a simple field test described as follows 
by Andrew P. Anderson: 

From typical samples of each of the available clays, test mixtures, 
varying by one-half part, are made with the sand so that each clay is rep- 
resented by a set of mixtures ranging by successive steps from one part 
sand and three parts clay to four parts sand and one part clay. These 
are worked up with water into a putty-like mass and from each mix 
two equal quantities are taken and rolled between the palms of the hands 
into reasonablv true spheres, labeled and placed in the sun to dry. When 
thoroughly baKed, a set of spheres representing any one clay is placed in 
a flat pan or dish and enough water poured ^entlv into the pan to cover 
them, care being taken not to pour the water directly on the samples. Some 
samples will begin to disintegrate immediately. Those breaking down 
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most slowly contain most nearly the proper proportion of sand and clay 
for the particular materials. The relative bmdmg power of the various 
clays may then be determined by comparing the hardness and resistance 
to abrasion of the various dry samples having the correct proportion of 
sand and clay, as determined by the water tests. 

In February, 1917, representatives of 21 state highway depart- 
ments and of the U. S. Office of Public Roads recommended the 
following mixtures for hard, medium and soft classes of sand-clay 
roads. 

Hard class: Clay, 9 to 15 per cent; silt, 5 to 15 per cent; total 
sand 65 to 80 per cent; sand retained on a 60-mesh sieve, 45 to 
60 per cent. 

Medium class: Clay, 15 to 25 per cent; silt, 10 to 20 per cent; 
total sand, 60 to 70 per cent; sand retained on a 60-mesh sieve, 
30 to 45 per cent. 

Soft class: Clay, 10 to 25 per cent; silt, 10 to 20 per cent; 
total sand, 55 to 80 per cent; sand retained on a 60-mesh sieve, 
1'5 to 30 per cent. 

By clay is meant material separated by subsidence through water 
and possessing plastic or adhesive properties; it is generally below 
0.01 mm. in diameter. By silt is meant the fine material other 
than clay which passes a 200-mesh sieve and is generally from 0.07 
to 0.01 mm. in diameter. By sand is meant the hard material 
which passes a 10-mesh sieve and is retained on a 200-mesh sieve, 
and is generally from 1.85 to 0.07 mm. in diameter. 

The larger part of the following explanation of the construc- 
tion of sand-clay roads was prepared by W. S. Keller, State 
engineer of Alabama, where many miles of sand-clay roads have 
been built and are giving good satisfaction: 

Every farmer who lives in a section of coimtry where both sand and 
clay are prevalent, is more than likely traveling over a section of natural 
sand-clay road but is ignorant of the fact. He can call to mind some 
particular spot on the road he travels, though it may not be more than 100 
feet in length, that is always good ana rarely requires the attention of the 
road hands. Good drainage will be noticed at this place and if he takes 
the trouble to investigate, he will find that a good mixture of sand and 
clay forms the wearing surface. If this 100 feet of road is always good 
then the entire road can be made like it provided man will take advantage 
of the lesson taught by nature and grade the road so that the drainage 
will be good and surface the balance of the road with the same material. 
If it is not possible to find this ready mixed surfacing material convenient 
to the road it may be possible to find the two ingredients in close proximity. 
In case the road after grading shows an excess of sand, clay should be 
added, or in case clay predominates, sand should be added to produce 
good results. There are four general ways in which sand-clay roads may 
be built: 

1. Ready mixed sand and clay placed on day, sand or ordinary foun- 
dation. 

2. Sand and olay placed on soil foundation and mixed. 
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3. Clay hauled on a sand foundation and mixed with the sand. 

4. Sand hauled on a clay foundation and mixed with the clay. 
Taking up the various methods in order: 

1. A natural mixture of sand and clay can often be found where the 
two materials are found separate. The most important point is to know 
the natural mixture when seen. The very best guide to this is to find a 
natural piece of good road. A sample from the best of this good section 
will, by comparison, indicate what is required, close to the road to be sur- 
faced. This natural mixture of sand and clay can be noticed where red 
clay and sand crop out, usually well up in the hills, having in ditches and 
cuts the appearance of red sandstone. A good stratum of well mixed 
sand and clay will stand perpendicular in cuts and ditches, resisting ero- 
sion almost as well as sandstone. A test of the best natural sana-clay 
mixtures will show the sand forms about 70 per cent of the whole. The 
test is very simple. Take an ordinarv medicine glass, measure 2 ounces 
of the mixture into the glass and wash out the clay. Dry the remaining 
sand and measure again on the medicine glass. The loss will be the amount 
of clay originally contained in the mass. 

Before placing any sand-clay on the road, the road should be graded 
to the desired width. The surface of the graded road should be flat or 
slightly convex. The sand-clay should be put on from 8 to 12 inches in 
thickness, depending on the cnaracter of the subgrade or foundation. 
With a hard clay for foundation, 8 inches of sand clay will suffice. If the 
subgrade is sand it is well to put on as much as 12 inches of the surfacing 
material. After a few hundred feet of surfacing material has been placed, 
a grading machiue should be run over it to smooth and crown the road 
surface before the top becomes hard and resists the cutting of the blade. 
It is a good plan to turn the blade of the machine so as to trim the edges 
of the surface part, discharging the excess sand and clay onto the earth 
shoulders. After one round trip with the blade turned out, the remaining 
dress work with the machine should be with the blade turned in, with the 
exception of one trip down the center of road with the blade at right angles 
to the axis of the road for the purpose of distributing any excess of mate- 
rial left in the center. 

After the machine work, it is well to follow with a drag, which smooths 
any rough places left by the machine and leaves the road with a smooth, 
even surface. A sand-clay road, unlike other roads, cannot be finished 
in a short space of time. It can be left in an apparently finished condi- 
tion with a hard smooth surface, but it will be found on close examina- 
tion that the hard surface is in reality only a crust, below which there are 
several inches of loose material. After the first hard rain the crust soft- 
ens, the road becomes bad and the work appears to be a failure. This, 
however, is just what is needed to make it eventually good. After the 
surface has dried until the mass is in a plastic state, it should be dragged 
until the surface is once more smooth, with proper crown, and should be 
kept this way by drag|;ing at least once a day until the sun has baked it 
hard and firm. The mistake of keeping traffic off during this process of 
resetting should not be made. The continuous tamping of the wheels of 
wagons and hoofs of horses is just what is needed to compact the sand- 
clay into a homogeneous mass. The ordinary roller is not very effective 
in this work, but corrugated rollers have given excellent results. One 
type which is widely used has 18 cast-iron wheels weighing 300 pounds 
each, which compress the bottom of the mixture first. As the material 
becomes more and more compact the wheels ride higher and higher and 
finally the surface is so hard that the roller does not sink into it at all. A 
drag IS an indispensable machine in the construction of any kind of sand- 
clay road. 
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2. Sand and clay placed on a soil foundation and mixed. This is nec- 
essary where the old road has neither a sand nor clay foundation and it 
is imi>ossible to find the two ingredients ready mixed, but possible to get 
both in separate state near at hand. The clay should first be placed 
on the road to a depth of 4 inbhes and the required width. It is not 
wise to place more tiian a few himdred lineal feet of clay before the 
sand is hauled, as the clay rapidly hardens and makes the mixing process 
difficult. After, say, 400 feet of clay has been placed, the clay should be 
broken by means of a plow and harrow, if it has become hard, and sand to 
a depth of 6 inches placed on it. This should be plowed and harrowed in 
thoroughly. This is best done immediately following a rain, as the two 
can be more satisfactorily mixed. The tramc aids the mixing and should 
be encouraged on the road. After the mass appears to be well mixed, the 
road should be properly shaped, as previously explained. The road should 
be given watchful attention and should sand or mud holes appear, a second 
plowing and mixing should be given it. 

3. Clay hauled on a sand foundation and mixed with the sand. The 
mixing process is similar to that described under second head. It is only 
necessary to add that as the founda^tion is sand, a little more clay will be 
necessary than where the foundation is of clay or soil. 

4. Sand hauled on a clay foundation and mixed with clay. The clay 
foundation should be plowed to a depth of 4 inches and harrowed with a 
disk or tooth harrow until the lumps are thoroughly broken or pulver- 
ised. Sand should then be added to a depth of 6 inches and mixed as be- 
fore described. 

Sand and clay can be mixed best when wet, but as most road construc- 
tion is done in the summer months, it is necessary to do most of the mix- 
ing dry and keep the road in shape after the first two or three rains, while 
the passing wagons and vehicles give the road a final wet mixing. A sand- 
clay road is the cheapest road to maintain, for the reason that it can be 
repaired with its own material. With a drag or grading machine ruts 
can be filled with material scraped from the edges, whereas on gravel or 
macadam roads, this is not possible. The repairing of these roads can be 
done almost exclusively witn the drag, only enough hand work being re- 
quired to keep the gutters open and the growth of weeds cut on the should- 
ers. Holes are repaired by adding more sand-clay, and when many of them 
appear fresh sand-clay should be spread over the surf ace of the road. If 
tne road gets into really bad condition, the roadbed should be plowed up, 
reshaped and fresh sand-day added. This is unnecessary where the road 
is mamtained properly and the travel is not too heavy for the type of 
construction. 



GRAVEL ROADS' 

At the close of 1914, 45 per cent, of the surfaced roads in the 
United States were gravel roads, as shown in detail in a table in 
Part III of this volume. The presence of good gravel in many 
parts of the country and the low cost of constructing and main- 
taining gravel roads will make them a leading type for many 
years to come. 

Some gravels are much better for road construction than 
others. In Michigan, where three-fifths of the surfaced roads 
are built of gravel, the value of this material for the purpose 
is held to vary with the percentage of pebbles in it, the road- 
building value of the rock of which the pebbles are composed, 
and the cementing properties of the fine material mixed with the 
pebbles. In this State at least 60 per cent by weight of the 
gravel for state reward roads must be pebbles larger than f-inch. 
No pebbles larger than 2^ inches are used in the bottom of the 
'road and ^one larger than 1} inches in the top. The binder 
required for holding the pebbles together is clay, uniformly mixed 
with the pebbles, free from liunps, and amounting to not over 
10 per cent of the total weight of the gravel. 

There is a large mileage of gravel roads in New Jersey, and 
as a result of experience with them, the State highway depart- 
ment rejects gravel with over 5 per cent retained on a Ij-inch 
circular opening and over 35 per cent retained on a i-inch cir- 
cular opening. Three grades are recognized. Grade A is a 
pebble gravel with a clay binder with not less than 25 nor more 
than 35 per cent retained on a ^-inch circular opening, not less 
than 40 nor more than 60 per cent retained on a 10-mesh sieve, 
not less than 8 nor more than 20 per cent passing a 200-mesh 
sieve, and the balance a fairly well graded sand. Grade B is a 
sandy gravel depending upon oxide of iron for its cementing 
properties, with 20 to 40 per cent retained on a 10-mesh sieve 
and 10 to 25 per cent passing a 200-mesh sieve. Of this material 
passing a 200-mesh sieve, at least 40 per cent must be soluble 
in a 1 :3 dilution of hydrochloric acid. Grade C is gravel which 
does not fall imder either of the previously mentioned grades but 
is approved by the engineer for the bottom part of gravel roads. 

* Revised by Frederic E. Everett, State Highway Commissioner of New 
Hampshire. 
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" In Illinois, the State highway department requires the gravel 
to be rather uniformly graded in size from fine material to peb- 
bles that will just pass a 3H^ch ring, and not over 16 per cent 
of the mass (exclusive of clay) passing a J-inch ring. It must 
not contain over 5 per cent of loam but it must have 15 to 25 
per cent of clay by dry measure. If a local gravel does not form 
a good bond, the contractor must supply a bonding gravel for the 
top f-inch of the road. All of this material must pass a 1-inch 
screen and contain 40 per cent of pebbles retained on a ^-inch 
screen and from 20 to 30 per cent of clay and loam, not more 
than 5 per cent being loam. 

The variations in these specifications show the range of prop- 
erties of the materials found useful by experience. Few attempts 
have been made to prepare a general specification for road gravel 
on this account. The following requirements were adopted by the 
American Society of Mxmicipal Improvements in 1916 and re- 
commended by the Committee on Materials for Road Con- 
struction of the American Society of Civil Engineers: 

Two mixtures of gravel, sand and clay shall be used, hereinafter desig- 
nated in these specifications as No. 1 product (for top course) and No. 2 
product (for middle and bottom courses.) 

No. 1 product shall consist of a mixture of gravel, sand and clay, with, 
the proportions of the various sizes as follows: All to pass a l}-inch screen 
and to have at least 60 and not more than 75 per cent retained on a i-inch 
screen; at least 25 and not more than 75 per cent of the total coarse aggre- 
sate (material over i-inch in size) to be retained on a {-inch screen; at 
least 65 and not more than 85 per cent of the total fine aggregate (mate- 
rial under } inch in size) to be retained on a 200-mesh sieve. 

No. 2 product shall consist of a mixture of gravel, sand and clay, with 
the proportions of the various sizes as follows : All to pass a 2}-inch screen 
and to nave at least 60 and not more than 75 per cent retained on a J-inch 
screen; at least 25 and not more than 75 per cent of the total coarse aggre- 
gate to be retained on a 1-inch screen: at least 65 and not more than 85 
per cent of the total fine aggregate to be retained on a 200-me8h sieve. 

It is evident that the most useful information concerning the 
value of any gravel for road work is obtained by examining a 
road built of it. If there is a good gravel road and the source 
of this gravel is not known, a sample of the gravel can be analyzed 
mechanically by a portable sand tester, and the gravel deposits 
in the vicinity tested by the same instrument until one is found 
showing about the same properties. An exact agreement should 
not be expected. Tests of the gravel in a satisfactory road in 
the State of Washington and of the material in the pit from 
which it was obtained gave the following variations: 
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Where coarse gravel is composed of rock pebbles giving a 
cementitious powder some engineers consider it unwise to use 
enough clay binder to fill the voids. If roads of coarse gravel 
bound with a large amount of clay are used by many automobiles 
the pebbles become dislodged and the road does not become hard, 
it is claimed. Consequently these engineers prefer to use a 
smaller amount of clay and to allow the traflSc to wear down the 
road and produce the necessary binder by attrition and internal 
disintegration of the mass of gravel. This process makes it nece^ 
sary to maintain the road carefully for some time after its com- 
pletion, but is stated to give a better road eventually with some 
classes of gravel. 

In New England, where gravel roads have been built extensive- 
ly, it is generally considered safe to use on roads for light traffic 
the gravel from any pit where the face stands vertical and has 
to be loosened before it can be shoveled. Other gravels usually 
have to be supplied with a binder. It is always desirable to make 
a careful search for all deposits of gravel and an examination 
of the quality of each before deciding upon the deposit to use. 
In Dubuque County, Iowa, for instance several mojiths were 
spent in such an investigation because the local limestone was 
too soft for road use. Finally a satisfactory pit was found Ij 
miles from the road to be improved, and by transporting it on 
a light narrow-gauge railway ^to the road and then distributing 
it by branches of this railway and by motor trucks and dump 
wagons, its cost on the road was kept down to a satisfactory 
figure. 

Preparing the Gravel 

The management of the gravel pit should receive enough study 
and attention to make siu'e that the material is delivered to the 
wagons or cars at the lowest cost. The organization for the 
purpose will depend upon the location of the pit, the quality of 
the gravel and the quantity of material to be taken out. Where 
there is only a small percentage of the gravel which is over size, 
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and the remainder runs a uniformly good mixture, the large 
stones can be removed by a flat gravel screen, or, on small works, 
can be forked out during loading. It is not always necessary to 
go to the expense of screening. With a good foreman in the pit 
it may be possible to get a proper mixture of the material from 
a pit where the gravel lies in strata of different sized pebbles, 
provided there is also a good foreman on the road, so that the 
strippings, if any, will be placed on the shoulders and the over- 
large material will be used for foundations in low places. 

Where there is a considerable proportion of overlarge stone 
in the gravel it is customary to set up a crushing and screening 
plant at the pit. For example, Kane Coimtyi Illinois, has an 
outfit consisting x>{ a jaw crusher, screen, elevator and storage 
bin holding 15 cubic yards. The gravel is first screened, because 
by taking out the material of suitable size for road work only the 
large stone is fed to the crusher and its capacity is thereby much 
increased. The presence of the small stone in the crusher tends 
to clog it and retard the breaking of the large stone. The screened 
and crushed material is discharged by gravity from the bins into 
the 5-yard motor trucks which are used for delivering it. The 
pit material is delivered to the screen by a belt conveyor, 18 
inches wide and 40 feet long. One end of the belt is under a plat- 
form having a hopper over the belt. The gravel is brought by 
slip scrapers to the platform and dumped through the hopper 
onto the conveyor. 

In some plants of this character the gravel is run over a bar 
screen or "grizzly" which holds back all oversize stone and delivers 
it to the crusher. This keeps the large stone entirely out of the 
screen. In Wisconsin work the screen has i-inch perforations 
for the first half of its length and Ij-inch perforations for the 
second half, giving three sizes of gravel. The jaws of the crusher 
are set to give about equal parts of the two coarser sizes separated 
by the screen. 

As the pebbles composing gravel are rounded and do not lock 
together as well as broken stone, it is customary to use somewhat 
smaller sizes of gravel than of crushed stone. Gravel obtained from 
beaches and rivers is usually more roimded than that from pits 
and consequently may not be so good for roads, imless suitable 
binding gravel can be used for a wearing surface or limestone 
screenings or other good binding material can be used with it. 

Pit-run Gravel Roads 

Many miles of gravel roads have been built by dumping the 
gravel on the roadbed, spreading it roughly and allowing 
traffic to consolidate it. The consolidation is a tedious process. 
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but good roads often result in the end, particularly if the road 
is kept well dragged so that ruts and holes are prevented. Bet- 
ter results are obtained, however, if the gravel is rolled after it 
is spread. The loads of large stone should be dumped at the low 
or soft places on the roadbed. In deep, mealy sand, the sub- 
grade is sometimes covered with marsh hay, wet sand or fine 

Cubic Yards of Loo$e Grapel Requirtd to make One Mile of Road of Dif' 
ferent Widthe and Tkickneeeee, Baeed on Table of Commi$tioner of Pub' 
lie Boade of New Jersey, 
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when Lying Loose on One Mile of Roadways of Different Widths. Based 
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Weight in Pounds Per Cubic Yard of Sand and Gravel. From ** Mineral 

Resources of the United States, 1916 J ^ 



STATIB 



Alabama.. 
California. 
Florida. . . 
Illinois.... 
Indiana. . . 

Iowa 

Kentucky. 



2505 
2645 
2605 
2820 
2700 
2720 
2580 



O 



2790 
2895 
2680 
3005 
2945 
2850 
2830 



■TATB 



Massachusetts 

Michigan 

Minnesota 

Missouri 

New Jersey. . . 

New York 

Ohio 



5 



2710 
2895 
2865 
2680 
2600 
2590 
2700 






2810 
2985 
2880 
2840 
2730 
2760 
2830 



BTATI 



Oregon 

Pennsylvania 

Texas 

Washin^on. . 
W. Virginia. . 
Wisconsin... . 
Average 






2620 
2500 
2695 
2930 
2570 
2800 
2665 






2880 
2680 
2910 
3065 
2780 
2970 
2820 



Notb: The average weights were obtained from 670 producers of sand 
and 560 producers of gravel in all parts of the country; the range was 
from 2200 to 4000 pounofs for sand and from 2200 to 4200 poimds for gravel. 
The weights given for each state are the averages of the reports from ten 
or more producers in that State. 

brush to hold the gravel. The stone should be well raked and 
no stone larger than 2 inches should be allowed in the top of the 
road. 

It is best to lay the gravel in two courses, each 5 or 6 inches 
thick when loose. The spreading of the first coiirse begins at the 
place on the road where the gravel reaches it and in this way 
the material is consolidated by the teaming over it. When this 
is very hard work enough clay is sometimes added to pack the 
gravel. Some engineers require this course to be harrowed. 
It is desirable to shape this course with a grading machine and 
roll it, but if the equipment is not available it can be improved 
by using a drag or a road plane, as described on page 266. 

After a considerable stretch of the bottom course has been 
finished, the second course can be started, beginning at the end 
farthest from the gravel pit, so as to have the teaming do as much 
consolidation work on the bottom course as possible. Some 
engineers require the entire bottom course to be finished before 
the second is started. It is best to harrow the second course be- 
cause pit-run gravel usually needs good mixing and the harrow 
will bring the large stones to tha siirf ace, so they can be thrown 
aside. If the gravel needs a binder the harrowing will help to 
distribute it evenly. If too much clay is added the road is likely 
to rut in wet weather and be dusty in dry weather. After the har- 
rowing, the surface is shaped with a grader, if one is available, or 
with a drag or plane. It should then be rolled, and with some 
gravel the rolling gives the best results if the road is first wet. 

Gravel is a siirfacing material; it will not make a defective 
roadbed good, although it may temporarily improve it. Con- 
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sequent^ it is best to allow a new roadbed to be used as an earth 
road for a year, so it will have a chance to settle. If it is kept 
well dragged during this seasoning period, it will become hard 
enough to sustain the gravel. If it is known that gravel will be 
placed after a year's use, the earth road should be dragged to a 
very flat crown, in order to prevent too much crown in the gravel 
road. When gravel must be placed on a fresh roadbed, it is 
sometimes advisable to lay a 6-inch course and allow that to 
become consolidated by traflSc before the second course is laid. 
If there are any defects in the roadbed they will become apparent 
during the early use of the road and can be repaired before the 
completion of the surfacing. If only the bottom course is laid 
the first season it should be well dragged, for inequalities in the 
bottom course are usually reproduced in the upper course, no 
matter how carefully the latter is laid and shaped. 

There are two methods of placing gravel. That usually em- 
ployed on pit-nm gravel roads is called the feather-edge method. 
The roadbed to receive the gravel is graded to a very small crown 
and the gravel is spread on it to a nearly uniform thickness until 
within about 12 inches of the edge, when the bed is sloped oflF to 
a mere row of pebbles at the edge. In the second method of con- 
struction, a shallow trench, sometimes called a "gravel bed" 
or a ''box," is excavated in the top of the roadbed, and the gravel 
deposited in it. If it rains this trench is likely to become muddy 
and to prevent this drainage channels should be cut through 
the shoulders to the side ditches. Bank gravel will become con- 
solidated and shed water more quickly than stream gravel and 
it is better suited for the trench method in consequence. The 
feather-edge method is less expensive and more easily carried 
on if traffic must be permitted on the road during construction. 

The following explanation of the construction of a two-course 
feather-edge gravel road was written by H. E. Bilger, road engi- 
neer of the Illinois Highway Department: 

When the bonding material in the gravel is not entirely satisfactory 
with respect to both quality and quantity, it is usually advisable that 
two-course construction be adoptea. Whether or not the work is to be 
done by contract, it is important that there be used some positive and 
accurate method of determining the volume of gravel delivered upon the 
roadbed. There are several methods by which this can be accomplished, 
but experience seems to indicate that by the use of temporary side- 
board forms the desired results can be assured and this method is not 
uneconomical. 

Upon the satisfactory completion of the roadbed there should be set 
thereon, true to line and grade, temporary side forms having a width 
equal to the depth of the loose gravel, which should be shown on the plans. 
These boards snould be held in place by stakes at such intervals as will 
prevent lateral deflection greater than about 3 inches from the true align- 
ment. Whether the gravel is hauled by wagons, motor trucks, industrial 
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railways, or other vehicles, it may he dumped directly upon the sub^ade. 
After there has been placed upon the suograde a sufficient quantity of 

gravel for the lower half of the road, it should be distributed to a uniform 
epth by the use of a blade grader, drag scraper, or otherwise. While 
this course is being spread, all the larger stone should be raked or other- 
wise placed directly in contact with the subgrade. Upon this course of 
gravel there should be placed such an amount of bondmg clay as may be 
necessary in order that the gravel will comply with the specifications. 

After the gravel has been spread it should be thoroughly harrowed 
several times over until the cores formed by dumping it have been entire- 
ly loosened up to a density equal to that in the other portions of the gravel. 
The importance of this thorough harrowing can scarcely be overestimated, 
for in order to secure the results it is essential that the voids in the gravel 
be reduced to a minimum, which means that a maximum density of mate- 
rial must be obtained, and this density is closely approached by narrowing 
until the pebbles of the several sizes become so placed as to occupy the 
spaces between those of a large size. The cost of this harrowing as com- 
pared with the results obtained is practically negligible, and if necessary 
it would actuallv be more advisable to do away with the rolling and retain 
the harrowing than to do away with the harrowing and retain the rolling. 
The harrow should be of the stiff tooth type, and should have metal teetn 
at least 1-inch in diameter, extending about 6 inches below the frame. 
The spacing of the teeth should be such as will admit of the free passage 
of the stones between them, and yet so displace them as to produce the 
density desired. The design of tne harrow should provide a weight of 
from 8 to 12 pounds upon each tooth. 

After the second course of gravel has been placed, it should be spread 
until its upper surface comes flush with the top of the side forms and its 
cross section conforms to that desired. The forms should then be removed 
and the gravel allowed to take its natural position. Upon this second 
course there should be distributed the necessary quantity of bonding 
cla3r. It should then be thoroughly harrowed several times, as before, 
until the cores formed by dumping the ^avel have been entirely loosened 
up and the clay has been uniformly distributed throughout. The har- 
rowing should continue until a uniform density of material is obtained 
throughout the upper course. 

Having done tnis, the earth shoulders should be shaped by the nec- 
essary cutting and filling until the cross section conforms approximately 
to the finished work. Material other than the natural eartn should not 
be used in forming these shoulders, and all vegetable matter should be 
strictly proliibited from entering into the work. Upon having shaped the 
shouloers, the graded roadway over the entire width should be rolled sev- 
eral times over until it is thoroughly compacted, forming, a firm, smooth 
surface, free from waves and according to the requirement of the plans. 
The rolling should begin at the extreme outer edges of the shoulders and 
should work toward the center, at each rolling of the gravel allowing an 
overlap of one-half of the width of one of the rear wheels, and each wheel 
shoula cover the entire gravel surface. 

Should the condition of the gravel or its bonding material be such as 
not to compact readily under the action of the roller, sprinkling or other 
means should be employed to compact the gravel as the engineer may 
direct. The speed of the roller should not exceed about 100 feet per min- 
ute. It is quite probable that after rolling there will appear either on 
the shoulders or the gravel certain depressions and other irregularities. 
To correct these defects suitable material should be added or removed 
and they should then be rerolled. The finished surface should conform 
to the cross section shown on the plan and should present a smooth and 
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even appearance. Should the gravel, with its natural or artificial mixture 
of bonding clay, for the upper 4 inches of the road, be of such character 
that it will not insure a satisfactory wearing surface with a dense body 
and uniform texture, a 1-inch coating of bonding gravel should be applied 
uniformlv over the entire surface of the gravel road. This bonding gravel 
should then be raked and rolled into the road surface until all the inter- 
stices are filled and the surface is smooth, of a uniform texture and free 
from waves. 

Screened Oravel Roads 

In some States, preference is given to gravel roads built like 
macadam roads, the gravel being screened so that the courses 
will be composed of material of different sizes. This is the case in 
Wisconsin, for instance. In that State, except on sandy road- 
beds, construction is started at the end of the road farthest from 
the gravel supply, when screened gravel is used, because the 
roller can be run continuously without interfering with the teams 
bringing the gravel. The first course consists of material from 
If to about 3 inches in size spread to a loose depth of 6 inches. 
The voids are filled with gravel imder J-inch in size and the road 
is then rolled. This course is laid for a distance of about 400 
feet, and the second course is then started. This consists of 
about 5 inches of J to l}-inch stone with the voids filled like 
those of the bottom course. The surface is shaped with a grader 
and rolled and flushed like a macadam road. 

In many instances better results are obtained, according to 
J, T. Donaghey, chief inspector of the Wisconsin highway com- 
mission, by crushing the gravel fine enough for practically all 
the material to pass a If-inch ring. The screen is partly jack- 
eted so that just enough of the material passing the J-inch open- 
ings is carried into the i to Ij-inch size to fill the voids in the 
latter. This mixture is used in both the bottom and top courses 
and results in a type of road which Mr. Donaghey considers 
more easily built, more satisfactory and more cheaply maintained 
than any other gravel type. Where clay is added to assist in 
binding or there is naturally an excessive amount of clay in the 
gravel, it is advisable to place a covering of sharp sand or gravel 
on the finished surface to protect it imtil the excess clay has worked 
to the surface and washed off. 

In the work in Kane county, Illinois, to which reference has 
already been made, George N. Lamb, county superintendent of 
highways, places the lower course in a trench or box and rolls it 
and the shoulders imtil there is no difference of elevation where 
they meet. The second course is then placed with the edges 
feathering out a foot or two over the shoulders. 

The following instructions for preparing the subgrade were 
issued in 1914 by the Wisconsin highway commission: 
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Starting at the desired point, set two stakes opposite the reference 
stake, the distance between them being the width of the new road. . To 
do this, refer to the grade sheet, which gives the distance from the side 
stake (placed when the survey was made) to the center of the new road. 
Subtract from this distance one-half the desired width of road and 
put in a stake with inside edge at this distance from the reference stake. 
Opposite this stake place another with its inside edge distant the width 
of the road from the inside ed^^e of the first one. All stakes forsubgrade 
should be made of }-inch round iron about 24 inches long, and about twenty- 
five should be kept on each surfacing job. Stake out 700 or 800 feet at a 
time. Be sure that the stakes are in line, except at bends or on curves. 
Usuallv curves will have to be staked out by eye to get good results. 

With a road plow cut as close to the inside edge of stakes as possible 
withour disturbmg them, turning the furrow toward the center of sub- 
grade. Plow about 5 inches deep. One furrow on each side is generally 
sufiicient. Plow should be equipped with shoe or wheel and coulter. If 
a rooter is used, three furrows on each side will usually be necessary. Make 
first cut about 5 inches deep as close to stakes as possible, the next 6 inches 
nearer the center of the road. Drop the shoe down so rooter will run 
about 3 inches deep for the third cut, working 6 inches nearer center of 
subgrade than previous furrow. 

A light grader that can be handled with two horses is best for shaping. 
Use with tne blade so set as to move the plowed ground from the center 
of trench or subgrade on to the bank outside of stake line. This work 
cannot be accomplished neatly with the grader alone, as some of the earth 
will roll back into the trench under the best of conditions. Make the 
trench deep enough. The depth at the sides should be at least the total 
loose depth of the two courses of material and more than this on sandy 
soils. It is much easier to throw out excess material with the road grader 
after the surface is laid than it is to bring extra material up from the 
ditches or to haul it in by wagons during the finishing when the trench has 
not been made deep enough to hold the stone. Nothing is more essential 
than a good solid shoulder, and the time to ^t it is before material is 
placed in the trench. In clay soils after making the trench, plow drains 
through the shoulders every 50 feet on both sides and every 25 feet at low 
points between hills and immediately clean them out so they will drain 
the subgrade in case of rain. 

The following procedure is not advised, as it is usually the most expen- 
sive way of getting shoulders. If the road has once been covered with 
crushed stone or gravel, and it is not desired to tear up the old surface, 
shoulders can be brought up to the stakes by bringing in dirt with the 
road machine from the side banks or from the ditches (if the latter mate- 
rial is fit to use), or can be hauled in with wagons. If the old road has a 
crown of one inch to the foot, it will take approximately 1,100 cubic yards 
of compacted material per mile to build up 6-inch shoulders and retain the 
minimum width of 20 feet on top. The cost of hauling and placing this 
material is usually very much greater than the value of the stone or gravel 
saved. As a matter of fact, no material is wasted if the subgrade or trench 
is cut in the old surface, the stone or gravel thrown out making an excel- 
lent shoulder. Failure is inevitable if an attempt is made to build a gravel 
or stone road with a heavy roller without first getting proper shoulders 
to support the material while it is being rolled. 

Straighten up stakes and drive them firmly. Tie a chalk or binder 
twine line to stakes on each side so line will draw on inside faces of stakes, 
drawing it tight. It is usually best to put in additional stakes at 50-foot 
points so this line will not sag. These lines aie to guide the laborer in 
trimming the shoulders so the edges will be straight and the grade uni- 
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fonn. On a 0-^oot road, if these lines are eet 7 inchea above center of 
•ubgrade, they will be 1 foot higher than the bottom of trench at the 
■houlder.' On a 16-foot road eet lines 6 inches above center of subgrade. 
They will then be one foot higher than the bottom of trench at the shoulder. 
The blade of an ordinary square point dirt shovel is 1 foot long and can be 
used by the laborer to tell when trench is deep enough at sides by setting 
blade of shovel up to line. When trench is finished, it should run with a 
uniform slope from center to edge. Clean out drainage trenches through 
shoulders, so that they really drain out from the trench. This will keep 
the trencn from filling up in case it rains. It is well to widen the trencn 
and road on the inside of curves, and to elevate the outer edge of curves. 
After the subgrade has been properly shaped to the same crown (or. 
better, a slightly greater crown) than the finished road is to have, it shoula 
be rolled until hard, especially if recently filled. Any hollows that devel- 
op during the rolling should oe filled. Boll enough, but stop before the 
top layer of earth starts to slip. Wet spots in the subgrade should be 
shoveled out, filled with good earth or cmders and rolled. Don't leave 
sink holes with the expectation of filling them with crushed stone. They 
must be dug out and refilled with good material if a firm surface is to ever 
be gotten at that point. 

In spreading gravel or broken stone many engineers place on 
the subgrade wood or concrete blodcs of the desired loose depth 
of the course. In Wisconsin, however, the material is eqpread by 
requiring a load to cover a certain length and width of surface. 
The foreman is given a table of the length of 9-foot road which 
loads of different sises will cover and the spreader is required to 

Lingik of Road in Linear Feet Whieh a Load of Stone of Given 8i»e will 
Cover to the Given Loose Depihe. Based on Table of Wieconsin Highway 
Commienon, 
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make the loads cover just this length. When this method is 
followed it is convenient to have the loads hauled of the same 
size. The man placed in charge of the spreading should be se- 
lected carefully, because a large amount of money can be wasted 
by placing too much material on the road. The depth of the 
loose material should be checked as often as possible on this 
account. 

When the gravel is bought by weight it is the Wisconsin rule 
to take the weight of a cubic yard of pit gravel at 3000 pounds 
and of crushed gravel at 2660 pounds. If the material is wet 
it will weigh more than when it is in a normal condition and al- 
lowance should be made for this. 

Special Binders 

Gravel roads are now being built for quite heavy traffic with 
binders giving greater toughness to the road than clay or rock 
powder will afford. Examination of many roads after several 
years of use has shown that there is less large stone and more 
small stone in them than when they were built. This change 
is considered due to the internal disintegration of the stone by 
the loads coming upon it, part of the reduction taking place when 
the road is heavily rolled during construction and part later under 
heavy travel. The special binders are used to hold the stone so 
i5rmly together that after the rolling of the road there will be no 
further internal disintegration. The method of using bituminous 
binders for this purpose is explained in the chapter on bitumi- 
nous roads, and the method of using glutrin in the chapter on 
broken stone roads. 

Maintenance 

The maintenance of gravel roads must begin immediately 
after the road is thrown open to travel. A small hole in a gravel 
road, unless immediately repaired, soon becomes a large hole. A 
few large holes mean a ruined road and a large expense for resur- 
facing. Furthermore a gravel road, no matter how well rolled, 
cannot be considered finished until traffic has gone over it and 
tested every part. For this reason, some engineers allow traffic 
on the road before the roller has left it, so that any weak places 
may be revealed and repaired at once while the equipment is 
still at hand. The roimded pebbles of pit gravel do not inter- 
lock like pieces of crushed stone but are usually held together 
by a clay binder which is not so strong as the cementitious pow- 
der from some classes of rock. Until travel has broken down 
the pebbles and furnished rock powder which will act with the 
clay and form a rigid mass, a gravel road is not so firm as a crushed 
stone road and needs more maintenance. 



GRAVEL BOAD8 63 

The gravel roads of New Hampshire are used throughout the 
summer by a heavy automobile traffic, particularly on Satur- 
days and Sundays. They are nevertheless kept in good condition 
by the patrol system of maintenance at very low cost, consider- 
ing the destructive use to which they are subject. Each patrol- 
man has a section for which he is resi)onsible, and a number of 
sections are imited in a division under the general supervision 
of a maintenance foreman, who is in immediate charge of all main- 
tenance work and reports to the division engineer. Each patrol- 
man must supply a horse and dump cart, shovel, pick, hoe, 
rake, stone-hook, axe, iron bar, iron chain and tamp. Special 
tools are furnished by the State highway department. The meth- 
ods of maintainance are indicated in the following quotations 
from the instructions issued to the patrolmen: 

One dragging in the spring is worth two in the summer. It is better 
to drag a mile of road several times and get it in good condition, than to 
drag 2 or 3 miles and not finish any part of it. Don't drag a soft section 
when it is so wet that the first vehicle to pass will rut it all up. First 
fill the holes and ruts with new material and then draff as the surface dries 
out. Every patrolman should have material dumped in small piles along 
the side of his section so that on a rainy day he can at once fill all holes 
and ruts in which water is collecting. 

When the weather is unsuitable for drags[ing, as during a dry spell, all 
patrolmen should cart on all the new matenal possible in order to fill all 
ruts and holes and resurface wornnsections. Carting is very essential 
during dry periods and should never be neglected. Whenever a patrolman 
is in doubt as to what to do next the general rule is to cart new material, 
for all roads are wearing out under travel and it is necessary that the 
surface be continually renewed to take the place of the old material that 
is thrown out as mud or blown awav as dust. 

Save all the sods, leaves, rubbish, stones and refuse that vou clean off 
your road and dump this waste material in places where the bank is steep 
80 that by flattening the side slope there will be no need of a guard-rail, 
or dump the material back of a present guard-rail so that later this guard- 
rail can be removed. 

Oiling gravel roads generally requires careful preparation of 
the surface because the large amoimt of clay binder has a ten- 
dency to interfere with the formation of a satisfactory oiled 
surface. Consequently the surface should be thoroughly cleaned 
and a comparatively light oil used. The first applications are 
likely to be disappointing, but if holes and ruts are filled promptly, 
two or three applications on carefully cleaned surfaces during 
the first year will eventually give a good wearing surface, pro- 
vided the roadbed and gravel have been thoroughly consolidated 
and the traffic is not too heavy for this type of road. It is the 
general opinion at present that surface applications should not 
be made until a gravel road has had at least one year's service. 
The methods of doing the work are given in a later chapter. 
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Water-bound macadam roads are adapted to highways carry- 
ing moderate traflSc, for experience shows that even when a large 
part of the traffic is motor-driven this type of construction can 
be maintained successfully by surface applications, as described 
in a later chapter. Where a gravel road is not quite able to carry 
the traffic, a macadam top course on a gravel base has been 
adopted as a standard type by the highway departments of a 
nimiber of States. The following statements give the views 
regarding water-boimd macadam held by three State highway 
departments having a large mileage of it imder their charge: 

New York: The department is still building a large mileage^ of water- 
bound macadam. Because of the presence of local material and other fa- 
vorable conditions this is, in cost, the cheapest durable road which can be 
built; and it is the belief of the department that on all roads of ordinary 
or light traffic this tyi)e is still a satisfactory one for general use. Of 
course this t3rpe must nave surface treatment with oil, and this is planned 
for in all cases. (Edwin Duffey, State commissioner of highways, 1916.) 
Michigan: During the early existence of the department, macadam 
roads constituted as much as 50 per cent of the mileage constructed. As 
the use of the automobile became more widespread, the percentage of 
macadam roads built each year decreased, owing to the excessive cost of 
maintaining this t3rpe under the automobile traffic. Within the past two 
years, however, waterbound macadam roads have been agam growmg in 
favor, because it has been found possible with a bituminous suiSace treat- 
ment to maintain them in a condition comparable in the point of service 
to the higher types of roads. The first treatment, which is made after 
the road has been seasoned by opening it to traffic for three or four months, 
is essentially a part of the initial cost of construction. (Frank F. Rogers, 
State highway commissioner, 1916.) 

Wisconsin: It is not at all an economical type of surfacing unless in- 
tensely maintained with surface treatments and a patrol system, but when 
so mamtained gives economical service even on neavily traveled roads. 
(Wisconsin highway commission, 1916.) 

Stone 

The roadbuilding properties of different rocks are explained in 
the next chapter. The following notes on the selection of stone 
were prepared by Prevost Hubbard and Frank H. Jackson, Jr.^ 
The ideal rock for the construction of a water-boimd macadam 

^ "The Results of Physical Tests of Road-building Rock," Bulletin 370, 
United States Department of Agriculture. 
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road resists the wear of traffic to which it is subjected to just 
that extent which will supply a sufficient amount of cementitious 
rock dust to bind or hold the larger fragments in place. It is 
generally admitted that the ordinary macadam road is not well 
suited to any considerable amount of automobile traffic, because 
such traffic rapicUy removes the binder without producing fresh 
material to take its place. 

Cementing value is a necessary quality for rocks used in mac- 
adam road construction. As determined by test, cementing 
values. below 25 are called low; from 26 to 75, average, and above 
75, high. In general, the cementing value should nm above 25. 
For rocks which show a low French coefficient of wear, however, 
a relatively high cementing value is more necessary than for 
those which have a high French coefficient. Interpretation of 
results of the cementing value test is subject to a number of 
influencing considerations. For instance, it has been found that 
certain feldspathic varieties of sandstone give excellent results 
in this test, while experience has shown that they do not bind 
well when used in the wearing course of macadam roads. In 
the case also of certain varieties of the trap group, low results 
are frequently shown by laboratory tests for rocks which bind 
quite satisfactorily upon the road, provided traffic is sufficiently 
heavy to supply the requisite amount of fine material. Certain 
granites, gneisses, and schists which are not suitable for use as 
binding material give good results in this test. In such cases 
it is usually found that the highly altered natiu-e of the material 
reduces its toughness and resistance to wear to such an extent 
as to condemn it for use. 

Experience has shown that in general the following table of 
limiting values for the French coefficient of wear, toughness, and 
hardness may be used in determining the suitability of a rock 
for the construction of the wearing course of a macadam road: 

Limiting Values of Physical Tests of Rock Suitable for Water'-bound 

Macadam 



TBATXL 



Light 

Moderate 
Heavy 



oonvicnMT 



5 to 8 
9 to 15 
16 or over 



PBBCBMTAOB 



5 to 8 
2.7 to 6 
Under 2.7 



touoh: 



5 to 9 
10 to 18 
19 or over 



BAXDMBM 



10 to 17 
14 or over 
17 or over 



With relation to the limitations for hardness it may be noted 
that when any given value for toughness falls within certain 
limits which define the suitability of the material for macadam 
road construction under given traffic conditions, the corre* 
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spending value for hardness will fall within similar limits for hard- 
ness. In this connection it will be seen in the table that a max- 
imum limit for hardness is only given in the case of light traffic. 
It has been found that the great majority of samples having a 
French coefficient of wear of from 5 to 8 and a hardness of over 
17 are granites, quartzites, and hard sandstones, which are unsuited 
for use in the wearing course of water-bound macadam roads 
due to their lack of binding power. 

The weight of a cubic yard of crushed stone varies consider- 
ably, depending upon the rock, the size to which it is broken 
and the amount of shaking the sample receives before its volume 
is measured. The range in weight of a cubic foot of solid rock 
is 162 to 221 poimds for trap, 165 to 200 pounds for schist, 156 
to 175 pounds for felsite, 156 to 193 pounds for quartzite, 125 
to 193 pounds for limestone, and 125 to 187 pounds for granite. 
The total range from the lightest limestone to the heaviest trap 
is over 75 per cent and the crushed rock will show the same varia- 
tions. Consequently, when broken stone is bought by weight 
it should be actually weighed before estimating the quantity re- 
quired for good work. 

Crushed stone is the most important branch of the stone in- 
dustry. The production of this material for road building in 
the different states is given in a table on page 198 of this book. 
The requirements for railroad ballast and concrete as well as for 
road work are so large that commercial broken stone is avail- 
able in many parts of the country at a lower price than the cost 
of quarrying and crushing local material. It is sometimes eco- 
nomical, even at a greater initial cost, to import stone from a 
distance if thereby^a more durable road may be had than is pos- 
sible with the use of local stone. 

Much of the stone is crushed locally, usually in portable plants. 
These comprise a crusher with an engine and boiler, revolving 
screens, portable bins and an elevator to lift the stone after it 
is crushed into the screen and sometimes into the bins. The 
capacity of a crusher should be adjusted to the road roller ca- 
pacity. If the crusher furnishes more stone than the roller can 
consolidate, it is too large to work economically. If the crusher 
can not supply enough stone to keep the roller at work, the lat- 
ter will operate uneconomically. Furthermore the arrangements 
for supplying stone from the crusher to the road must be such 
that the expensive equipment at each end of the line will be 
kept operating all the time. There is some difference of opin- 
ion as to the proper capacity of a crusher, for in some sections 
of the country it is held that from 60 to 80 cubjc yards of 
broken stone is as much as a single roller will consolidate properly, 
while in other sections it is held that a roller which does not con- 
solidate 75 tons per day is not doing good service. 
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Where the stone supply is limited to ledges at infrequent inter- 
vals but little choice in the location of the crushing outfit is pos- 
sible. If field stone or ledges are available alongside the road 
at frequent intervals a crusher can serve about two miles of 
road most economically. Local conditions, however, affect the 
proper arrangement of the plant so greatly that no precise rules 
can be drawn up. It occasionally happens that the availability 
of water for the boiler is of more importance than any other 
factor in determining the location of the outfit. 

If possible, the crusher should be set low enough so that a plat- 
form can be built at the level of the opening into which the stone 
is dumped. The carts are driven onto this platform and the ma- 
terial is handled most economically in this manner. The men who 
set up the plant should have had experience in this work. Much 
depends on the proper alignment of the several parts and the 
delays in operation will be avoided if the work is done properly 
in the first instance. 

The screens in such portable plants have three sections about 
4 feet long and 30 inches in diameter. The first section has per- 
forations which are i-inch in diameter. The perforations of the 
second section are generally 1} inches in diameter where com- 
paratively hard stone is used and 1} inches in diameter where 
softer stone is employed. With the very soft stone used in some 
of the Central States, the perforations are sometimes 2} inches, 
and the third section of the screen is omitted. The perforations 
in the third section are from 2 to 2} inches in diameter as a rule, 
depending upon the maximum size of the stone which is allowed 
in the road, but this maximum size varies widely in different 
States. In New York stone up to 3| inches in size is used in the 
bottom course and in Ohio pieces of sandstone as large as 6 inches 
in their longest dimensions are permitted in the bottom course 
of some roads. Stone passii^ a 4-inch circular opening is also 
permitted imder some conditions. In Wisconsin the bottom 
course is usually made of stone 2 to 3} inches in size; in this case 
the perforations in the screen are i, 2 and 3§ inches. 

The stones too large to pass through the openings in the third 
section of the screen drop out and are rim through the crusher 
again. There is sometimes a conveyor to carry these tailings 
from the end of the screen to the crusher. The jaws of the crusher 
shotdd be set to give as few tailings as possible and the length 
of the screen sections should be adjusted to accomplish the same 
purpose. The operation of the screens should be observed from 
time to time in order to make sure that material which should 
pass the openings in each section does not fiow along the screen 
so rapidly that there is a failiu-e to separate it out by the right 
section of the screen. If the screen revolves too rapidly fine 
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material will be carried into the coarser grades. Stone piirchlmed 
from commercial crusher plants is often observed to run small, 
the best separation occiirring in the product which is obtained 
during a time of minimum demand. This is because more time 
is then ^ven to the stone in its passage through the screens. 
It is impracticable to obtain a complete gradation of the sisses 
of stone and for this reason highway engineers often permit vari- 
ations from the noininal maximum and minimum dimensions 
of any size. For instance the f-inch stone specified in New 
Jersey may contain up to 5 per cent of material larger than 1} inch 
and up to 8 per cent smaller than f inch, although the nom- 
inal range of size is from f to 1^ inch. 

There is no uniformity in the designation of the sizes of crushed 
stone; what is termed as No. 1 stone in Ohio is entirely different 
from No. 1 stone in New York. 

Drainage 

The investment in a macadam road is so great that every pre- 
caution should be taken to have the roadbed thoroughly drained. 
The methods of doing this were explained in the chapter on 
drainage. If they are not employed wherever necessary the road 
will inevitably become rutted and marked by holes during pro- 
longed wet weather, and the maintenance of such places will 
entail an annual expenditure far greater in the end than the cost 
of proper drainage work. 

Formerly Telford foimdations were used in all wet, soggy 
groimd imder well-built broken stone roads but experience has 
shown that with good imderdrainage equally satisfactory foim- 
dations can be built of coarse gravel. This is dumped on the 
bottom of the road after the soft material has been excavated 
to a considerable depth. The mass of gravel should be drained 
into the side ditches by constructing blind drains through the 
shoulders at intervals of not over 50 feet. 

Where suitable field stone is available for a Telford foundation 
it is still sometimes used. The New York requirements for 
stone for this purpose are a thickness of not less than 1| inches, 
a depth equal to the depth required for the foundation, from 6 
to 8 inches, and a length not more than one and a half times 
the depth. The New Jersey specifications require stone 6 to 
10 inches long, 2 to 4 inches wide and at least 6 inches deep. 
Some engineers advise placing this stone on a bed of gravel, while 
others believe that if gravel is available it is best to make the 
entire base of it and not employ Telford, since the latter is quite 
expensive. The stone must be set on their broader base, length- 
wise across the road, and wedged by driving small stone into 
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the interstices. The projecting points should be broken off 
with a stone hammer, the depressions in the top filled with stone 
chips, and the foimdation rolled. 

The V-«haped drain described on page 27 is a substitute for 
a Telford foundation which has received much favor in some 
states. 

SvJhOrade 

It is necessary to place the stone for a macadam road in a box 
or trench in order to roll it successfully. The method of exca- 
vating the sub-grade was described on page 60. The bot- 
tom must be slightly crowned. This is for two reasons; first to 
shed any water which may sink through the macadam, and 
second, to keep the amount of stone required for the road to the 
minimum actually necessary. The sub-grade must be rolled 
until hard in order, first, that the stone placed on it can not be 
driven into it and thus serve no useful purpose, and second, to 
turn toward the sides of the road, into the blind drains leading 
to the ditches, any water which may penetrate the courses of 
stone. 

The depth of the box or trench is fixed by the desired 
depth of the macadam roadway. This is rarely less than 6 
inches at the center and is sometimes considerably more, al- 
though there is a question whether a greater thickness than 8 
inches after rolling serves any useful purpose. The harder and 
tougher the stone, the less need be the thickness of the road, 
provided the sub-grade is firm. Usually the sides of the macadam 
roadway are 1 to 2 inches thinner than the center. 

On very sandy soils, to keep the sand from working up through 
the stone, a covering of clay, hay, straw, or fine brush is spread 
over the subgrade. 

Placing the Broken Stone 

It is customary to begin placing the broken stone as soon as 
a few himdred feet of the subgrade has been prepared to receive 
it, because it is imdesirable to expose the rolled earth surface to 
the danger of drenching by rains for a longer period than is 
necessary. 

The first coiurse is rarely if ever spread to a greater depth than 
6 inches when loose, because a roller cannot compact a deeper 
course of stone in a satisfactory manner. The thickness is sel- 
dom less than 4 inches. The largest size of the screened stone 
is used. In some states it is forbidden to dimip the stone di- 
rectly on the subgrade, on the ground that this leaves a mass of 
consolidated smaU stone in the center of the heap which remains 
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almost intact when the pile is leveled. Accordingly the stone 
must be deposited on dumping boards about 6 feet long and 3 
feet wide, from which it is shoveled to the subgrade. This is no 
longer a generally adopted requirement, however, but it is not 
unusual to require a load to be deposited in several dumps 
so that the least amoimt of shoveling and raking will be required. 

Costs Per Mile Corresponding to Different Costs Per Square Yard. Based on 
Table Published by Commissioner of Public Roads of New Jersey 



Width, feet 


8 


10 


12 


14 


16 


18 


20 


Square 
yaxdB, 
I)er mile 


4.e»3i 


5.8661 


7,040 


8,2131 


0,386} 


10,660 


11,7831 


Cott per «g. 
















$0.25 
0.30 
0.35 
0.40 
0.45 


$1,173.33 
1,408.00 
1,642.67 
1,877.33 
2,112.00 


$1,466.67 
1,760.00 
2,053.33 
2,346.67 
2,640.00 


$1,760.00 
2,112.00 
2,464.00 
2,816.00 
3,168.00 


$2,053.33 
2,464.00 
2,874.67 
3,285.33 
3,696.00 


$2,346.67 
2,816.00 
3,285.33 
3,754.67 
4,224.00 


$2,640.00 
3,168.00 
3,696.00 
4,224.00 
4,752.00 


$2,933.33 
3,620.00 
4,106.67 
4,693.33 
5,280.00 


0.60 
0.55 
0.60 
0.65 
0.70 


2,346.67 
2,581.33 
2,816.00 
3,050.67 
3,285.33 


2,933.33 
3,226.67 
3,520.00 
3,813.33 
4,106.67 


3,520.00 
3,872.00 
4,224.00 
4,576.00 
4,928.00 


4,106.67 
4,517.33 
4,928.00 
5,338.64 
5,749.33 


4,693.33 
5,162.67 
5,632.00 
6,101.33 
6,570.67 


6,280.00 
6,808.00 
6,336.00 
6,864.00 
7,392.00 


6,866.67 
6,463.33 
7,040.00 
7,626.67 
8,213.33 


0.75 
0.80 
0.85 
0.90 
0.95 


3,520.00 
3,754.67 
3,989.33 
4,224.00 
4,458.67 


4,400.00 
4,693.33 
4,986.69 
5,280.00 
5,573.33 


5,280.00 
5,632.00 
5,984.00 
6,336.00 
6,688.00 


6,160.00 
6,570.67 
6,981.33 
7,392.00 
7,802.67 


7,040.00 
7,509.33 
7,978.67 
8|448.00 
8,917.33 


7,920.00 
8,448.00 
8,976.00 
9,504.00 
10,032.00 


8,800.00 

9,386.67 

9,973.33 

10,560.00 

11,146.67 


1.00 
1.05 
1.10 
1.15 
1.20 


4,693.33 
4,928.00 
5,162.67 
5,397.33 
5,632.00 


5,866.67 
6,160.00 
6,453.33 
6,746.67 
7,040.00 


7,040.00 
7,392.00 
7,744.00 
8,096.00 
8,448.00 


8,213.33 
8,624.00 
9,034.67 
9,445.33 
9,856.00 


9,386.67 

9,856.00 

10,325.33 

10,794.67 

11,264.00 


10,660.00 
11,088.00 
11,616.00 
12,144.00 
12,672.00 


11,733.33 
12,320.00 
12,906.67 
13,493.33 
14,080.00 



Note : When the cost per square yard is greater than $1.20, the corre- 
sponding cost per mile can be found by adding to the tabulated cost for a rate 
of $1.00 per square yard, the tabulated cost for a rate equal to the difference 
between the given rate and $1.00. The costs per square mile for widths 
greater than 20 feet are found by adding together the costs for two of the 
tabulated widths which will give the desired width. 

The easiest method of distributing the stone is by using an auto- 
matic spreader wagon which deposits it in a layer of approxi- 
mately the right thickness. The methods of determining the 
thickness are explained on page 61. 

. When a himdred feet or so of the first course has been spread, 
the rolling should begin. A roller weighing about 600 pounds 
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per inch of width of roll is usually recommended for rolling hard 
rock, but one of three-fourths tUs weight will probably do bet- 
ter work with soft limestone. The roller starts at the edges of 
the stone and care should be taken that the shoulders are not 
crushed during the trips near the sides of the trench. The roller 
should not be run much faster than 100 feet per minute. After 
both sides are moderately firm, the roller should move gradually 
toward the center until the whole lower course is thoroughly 
compacted. The rolling should be stopped as soon as the 
pieces of stone begin to break. Sometimes it is foimd that 
a wavy motion continues and the stone will not compact. 
This may be due to a wet subgrade, which will probably give 
no trouble if allowed to dry for a day or two, or it may be due 
to the use of a very hard stone, when the application of a little 
sand or fine gravel may remedy the difficulty. With some 
soft, coarse, gravel stones a crawling motion may be noticed, 
which can be prevented by a light sprinkling of coarse sand, 
stone screenings and sometimes by water. The rolling is con- 
tinued imtil the stone has Ho movement when the men walk over 
it. If depressions develop during the rolling they must be 
filled with stone of the same size as that used in the course 
and rolled until firm. 

Some engineers advise harrowing the loose stone with a spike- 
tooth harrow in order to mix the stone thoroughly and to save 
a part of the rolling. This would be of advantage if full loads of 
stone were dumped directly on the subgrade, for it would break 
up the cores of small stone in the center of the piles. Other 
engineers recommend using a blade grader to shape the loose 
stone just before rolling. 

It is not customary to apply a binder of gravel or screenings 
to the bottom course in some states and it is required in others. 
It is apparently a detail depending considerably upon the hard- 
ness of the stone used. If the stone is relatively soft and the 
bottom course is constructed of a large size of stone, a binder 
may prevent the internal disintegration of the stone under loads 
to some extent, but with the somewhat smaller, hard trap rock 
used in Massachusetts, for instance, screenings are unnecessary. 

After about a huncfred feet of the bottom course has been 
rolled, the second course is spread. This consists of the size from 
i to li or li inches, and the loose depth is 3 to 5 inches. Large 
loads should not be dumped directly on the bottom course. The 
top course is usually given its final shaping with rakes. This 
course is rolled commencing on each outer edge with the rear 
wheel half on the stone and half on the shoulders; the roller is 
gradually worked toward the center. If depressions are devel- 
oped during this work, they must be filled, and the rolling shoidd 
continue until the svu*face is hard and imiform in contour. 
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The surface is then covered with the binder. The material 
used for this purpose varies with the character of the stone in 
the top course. Generally screenings are employed, but in states 
where the top course is composed of rather large sizes of stone 
the screenings have small stone mixed with them. In Mary- 
land limestone screenings are not permitted with trap rock with- 
out the consent of the engineer. A. R. Hirst, State highway engi- 
neer of Wisconsin, advises using a clayey pea gravel or disinte- 
grated granite with crushed quartzite or granite, and if these 
are unavailable he prefers a bituminous binder. 

Screenings are rarely if ever permitted to be dumped on the 
road. They should be placed in piles along the road at such 
intervals that they can be distributed readily and enough mate- 
rial will always be available. In Massachusetts it is not cus- 
tomary to place the screenings to a greater depth than 1 inch. 
In Michigan the depth is about f inch and in Wisconsin about 
} inch on State roads. 

Although the screenings are sometimes rolled dry, after being 
spread, the usual practice is to sprinkle the road with water 
before rolling. The road must be sprinkled imtil the screenings 
are thoroughly wet and do not stick to the wheels of the roller. 
Where hard, small stone is used in the top course more water 
is generally employed than where the stone is larger, and an 
attempt is made to flush the screenings into the interstices be- 
tween the stones. If the screenings are picked up by the roller 
at any time, more water must be applied. The sprinkling and 
rolling are continued imtil water is carried along in front of the 
roller wheels at every point of the road. 

Rolling must be done carefully for the appearance of the road 
will depend upon this work. 

After the road has dried sufficiently, the shoulders should 
be smoothed off with a road machine, if one is available. The 
shoulders should be trimmed so the water can flow from the 
center of the road to the ditches along every foot of the way. 
All surplus material should be removed, and the shoulders should 
be rolled as far out as it is safe to run the roller. 

Glutrin Binder 

For a mmiber of years, glutrin has been used extensively as 
a binding material for both gravel and broken stone roads. It 
is an adhesive binding liquid whose base is the lignin derived 
from the sulphite pulp wood process. It is sold in a concentrated 
state and should be diluted with water before use. [^ 

It should be understood that when the road material to be 
treated is other than stone, it should contain at least 10 per cent 
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of clay. When this is lacking in the original road material, it 
should be evenly added as the road material is put in place. 
When used on gravel or sand-clay roads, glutrin should be di- 
luted with water in the proportion of one part glutrin to not 
less than three parts water. This mixture should be applied 
by means of any distributor which will spread it uniformly. 
The application should be continuous, so that the road is kept 
moist, but not so rapidly as to permit the forming of pools or 
the flowing off to the sides. Penetration must be secured, and 
consequently the distributor should make at least four trips 
over the road in applying the amount of glutrin caUed for in the 
specifications. This is usually about } ^dlon of glutrin to the 
square yard. 

When used in the construction of broken stone or slag roads, 
the glutrin should be applied during the process of puddling 
the top course. The puddle should be begim as usual with plain 
water, but as soon as the screenings are thoroughly saturated, 
glutrin should be placed in the sprii^ler in the proportion of one 
part glutrin to five parts water, and the puddling completed 
with this mixture. The specifications usually call for § gallon 
of glutrin to the square yard to be used in this process. A still 
stronger bond can be secured if, after the road has been pud- 
dled in this manner, it is allowed to dry out and a surface ap- 
plication is then made over the center 80 per cent of the width 
of the road, of 0.2 gallon of glutrin, diluted in the proportion of 
one part glutrin to three parts water. As soon as the road is 
dry, it can be opened to traffic. 

There have been many miles of glutrin-boimd roads con- 
structed in Connecticut and New York, which have been given 
a bitmninous top course, or even an oil treatment, the purpose 
being to bind the mass of stones thoroughly together with glu- 
trin to prevent the internal disintegration of the gravel or stone 
by traffic and to protect the glutrin from surface water. 

Glutrin should not be used with a pure siliceous material like 
quartz, unless at least 10 per cent of clay is added. With broken 
stone, the fine material produced in rolling, furnishes a substi- 
tute for the clay required with gravel. 

Maintenance 

Where there is very little automobile traffic the old-fashioned 
methods of maintenance are still applicable. If the road was 
built late in the fall, particularly if trap rock was used, it is pos- 
sible that loose stone will appear on the surface in the spring. 
They should be removed and need cause no apprehension. Holes 
and ruts should be filled with small stone and screenings, prefer- 
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ably during a rain so the traffic will begin to bind the patch as 
soon as the weather clears. When the top course has been worn 
down so that the large stone of the bottom course show in places, 
the road should be repaired. If the top course is to be less than 
3 inches thick the stone can be spread on the road and treated 
like the top course of a new road. If the course is to be made 
of 3 inches cfr more of loose stone, it is generally best to loosen 
up the road by means of spikes placed in the wheels of the roller 
or by the use of a scarifier. 

This method of maintenance is practically obsolete on account 
of motor traffic. The shearing action of the wheels of an auto- 
mobile on a water-bound road speedily loosens the stones of the 
top course and it is necessary to protect the surface by a tenacious 
mat of bituminous material and stone. Experience shows that 
this should not be applied imtil the road has seasoned for a few 
months. If the road is finished late in the fall, so that no oppor- 
tunity will be afforded for it to season before winter closes down 
construction work, the surface can be bound with calcium chlo- 
ride to hold it until spring, when the bituminous mat can be 
applied. 

The ordinary method of maintaining the road is to clean it 
thoroughly and then apply a road oil uniformly over the surface. 
Some of these oils are so thin that they soak into the surface 
while others must be covered with sharp sand or screenings free 
from dust. The methods of doing the work are explained in 
the chapter on surface applications. 



ROAD BUILDING ROCKS 

Mineral Campo9Uum}—'Bj&pOTiA of geologists and mineralo- 
gists on road-building rocks classify them according to their 
origin as igneous, sedimentary and metamorphic. 

Igneous rocks are those which have solidified from a very hoi 
liquid condition and their physical condition, technically termed 
"structure/* depends largely on the rate of cooling of the fused 
material. The "intrusive" or "plutonic" type of igneous rocks 
cooled slowly at great depths below the earth's surface, and the 
minerals composing it are usually in large and well developed 
particles. This type includes granite, syenite, diorite, gabbro, 
and peridotite. The "extrusive" or "volcanic" types of igneous 
rocks cooled more rapidly upon the earth's surface and are finer 
grained. They frequently show a so-called "porphyritic" 
structure on accoimt of the presence of larger crystals in a fine- 
grained, dense mass forming the main mass of the rock. This 
type includes rhyolite, trachyte, andesite, basalt and diabase. 

Sedimentary rocks are made up of fragments of minerals or 
sheUs that were moved about, mainly by water, and finally de- 
posited on the beds of lakes or seas in more or less parallel layers. 
There they became cemented together by the pressure upon them 
and changes in the composition of a part of their constituents. 
This last change is of the same general nature as that occurring 
far more quickly in the case of plaster or mortar. This class 
includes calcareous types of rock like limestone and dolomite, 
and siliceous types like shale, sandstone, and chert (flint). Both 
types are usually distinctly bedded or stratified. 

Metamorphic rocks were produced from the two classes just 
mentioned by presstn-e and heat. The long-continued shearing 
and compressive forces sometimes produced a "foliated" or 
"schistose" character, with a parallel arrangement of the minerals 
composing them, or a "massive" or "nonfoliated" character. 
Gneiss, schist and amphibolite are foliated metamorphic rocks, 
and slate, quartzite, eclogite and marble are nonfoliated meta- 
morphic rocks. 

^ Abridged from Bulletin 348, U. S. Department of Agriculture, '* Rela- 
tion of Mmeral Composition and Rock Structure to the Physical Prop* 
erties of Rock Materials," by E. C. E. Lord, petrographer. Office of Publie 
Roads and Rural Engineering. 
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The original mineral components of igneous rocks and the 
essential part of metamorphic schists are quartz, plagioclase, 
orthoclase, augite, hornblende, muscovite, biotite, rock glass, 
magnetite and garnet. These are called primary minerals. 
Rock glass, included among them, is a mineral of variable com- 
position found in certain volcanic rocks which cooled very rapidly. 
It is extremely brittle and when present in appreciable quantities 
has a tendency to lower the wearing properties of the rock. Orth- 
odase and plagioclase are usually called "feldspar" by engineers 
and biotite and muscovite are cailed "mica." 

Quartz is the most widely distributed mineral known. It has 
a specific gravity of 2.66 and a hardness of 7 in Mohs' scale.^ 
When present in large quantities, especially when finely consoU- 
dated, as in fine-grained, igneous and massive metamorphic 
rocks, the resulting material is extremely hard and offers great 
resistance to wear. 

Orthoclase and plagioclase are among the principal ingredients 
of igneous and metamorphic rocks and some sandstones. Their 
specific gravity is 2.54 to 2.76 and their hardness 6 to 6.5. Many 
coarse-grained feldspathic rocks break down readily under im- 
pact on account of the cleavage of these minerals. In fine- 
grained rocks the effect of this cleavage is less marked, and some 
of them are extremely hard and tough. 

Augite and hornblende are the chief iron-bearing or dark silicate 
constituents of basic i^eous rocks, conunonly called "trap 
rocks," and the crystalline schists derived from them. Their 
specific gravity is 2.93 to 3.71 and their hardness 5 to 6.5. Their 
crystalline shape is such that they interlock very compactly with 
other minerals, which is one of the reasons for the marked dura- 
bility of trap rocks. 

Biotite and muscovite occur chiefly in granite, gneiss and mica- 
ceous schist. Their specific gravity is 2.7 to 3.2 and their hard- 
ness is 2 to 3. The flaky character of mica is well known and is 
largely responsible for the foUated character of many metamor- 
phic rocks and their resulting inferior wearing properties in roads. 

Magnetite has a specific gravity of 5.18 and a hardness of 5.5. 
Garnet has a specific gravity of 3.15 and a hardness of 7.5. They 
occur in only two road-biulding rocks, peridotite and eclogite, 
and in some cases materially increase the wearing properties of 
the rock. 

Secondary minerals are produced by the alteration of rocks, 
mainly by the chemical action of water and carbonic acid on 
primary rock constituents. The chief secondary minerals are 

^ Mohs' scale of the relative hardness of minerals is as follows: 1, Talc; 
2, gypsum; 3, calcite; 4, fluorite; 6, apatite; 6, orthoclase; 7, quartz; 8, 
topaz; 9, corundum; 10, diamond. 
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calcite, dolomite, kaolin, chlorite, epidote, limonite, serpentine, 
talc, zeolite and opal. 

Calcite has a specific gravity of 2.6 and a hardness of 3. Dolo- 
mite has a specific gravity of 2.9 and a hardness of 3.5. These 
two minerals are the chief constituents of limestones and dolo- 
mites, and cannot be distinguished microscopically. They 
cleave freely and hence many calcareous rocks break down readily 
when used in roads. 

Kaolin is derived to a large extent .through the decomposition 
of orthoclase. It sometimes occurs in small crystal flakes re- 
sembling white mica (muscovite), and sometimes as minute 
grains of very indefinite composition. In the latter form, called 
''amorphous," kaolin has a great effect on the binding property 
of rock powders, for it becomes glue-like when wet, and when 
dry it binds together firmly the other mineral particles with 
which it is associated. 

Chlorite and epidote are derived from augite, hornblende, 
biotite and plagioclase and are most abundant in trap rocks ana 
dark crystalline schists. Chlorite is a soft green mineral which 
occurs either in mica-like flakes or as very fine scales and fibers of 
indefinite composition. In the latter form it has cementing 
properties like those of amorphous kaolin. Epidote (specific 
gravity, 3.25-3.5; hardness, 6-7) occurs as yellowish green crystals 
which, when present in appreciable quantities, apparently in- 
crease the wearing properties of rocks. 

The results of a study of several hundred road-building rocks 
indicate that the effects of their mineral composition on their 
value for highway purposes are probably as follows: 

Igneous and nonfoliated metamorphic rocks, owing to a pre- 
ponderance of hard silicate minerals combined with greater uni- 
formity in structure, are more durable than other road-making 
materials, finer-grained varieties offering greater resistance to 
abrasion than coarse-grained types. 

The resistance to wear of igneous and metamorphic rocks, 
containing an abundance of quartz, hornblende, au^te, epidote, 
and garnet, is greater than that of similar rocks rich in mica, 
chlorite, serpentine, and calcite. 

Foliated metamorphic rocks, owing to the parallel arrange- 
ment of their mineral constituents, are, as a rule, deficient in 
toughness and therefore not well adapted to road construction. 

Sedimentary rocks are usually deficient in wearing properties, 
except in the case of highly indurated sandstones, containing a 
moderate amount of siliceous clay, cement, and limestones or 
dolomites rich in quartz and having very little clay. 

Rocks for road making break down imder impact into frag- 
ments, the shape and physical character of which are conditioned 
by mineral composition and structure. 
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The effect of weathering is generally to lower the resistance to 
wear of road materials, owing to the development of soft, in 
part glue-like (colloidal) products of alteration. Where the 
secondary minerals are harder and more ciystalline the wearing 
properties of the rocks are proportionately increased. 

The cementing value of road materials is conditioned chiefly by 
the glue-Uke (colloidal) products of rock decay and increases in a 
general way proportionately with these products, reaching a 
maximiun in rocks free from quartz. 

The slaking property of rock powders is dependent in the case 
of siliceous igneous and metamorphic rocks chiefly on the physical 
character of the primary mineral components, whereas in basic 
igneous rocks and sandstones it is caused to a large degree by 
^ue-like (colloidal) products of rock decomposition. 

Physical Properties} — ^The success or failure of a rock for road 
building depends largely upon the extent to which it will resist 
the destructive influences of tralEc. The three most important 
physical properties are hardness, toughness, and binding power 
Hardness is the resistance which the rock offers to the displace- 
ment of its surface particles by abrasion; toughness is the resist- 
ance which it offers to fracture under impact; and binding power 
is the ability which the dust from the rock possesses, or develops 
by contact with water, of binding the large rock fragments to 
gether. In order to approximate as closely as possible in the 
laboratory the destructive effects produced by traflSc, climatic 
agencies and faulty construction, certain physical tests have 
been developed. 

Hardness is determined by subjecting a cylindrical rock core 25 
millimeters in diameter, drilled from the specimen to be examined' 
to the abrasive action of quartz sand fed upon a revolving steel 
disk. The end of the specimen is worn away in inverse ratio to 
its hardness, and the amount of loss is expressed in the form of a 
coefficient as follows: 

Coefficient of hardness » 20 - w/Z, where w equals the loss in 
weight after 1,000 revolutions of the disk. 

Toughness is determined by subjecting a cylindrical test speci- 
men 25 by 25 millimeters in size to the impact produced by the 
faU of a 2-kilogram hammer upon a steel plunger whose lower 
end is spherical and rests upon the test piece. The energy of 
the blow deUvered is increased by increasing the height of fall 
of the hammer 1 centimeter after each blow. The height of 
blow in centimeters at failure of the specimen is call^ the tough- 
ness. 

^ Abstracted from Bulletin 370, XJ. 8. Department of Agriculture. "Re*> 
suits of Physical Tests of Road Building Rock/' by Provost Huobardy 
chemical engineer, and Frank H. Jackson, Jr., assistant chemical engineer. 
Office of Public Roads. 
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' A test devised by the French and sometimes called the Deval 
test, for measuring the combined action of abrasion and impact, 
is as follows: Five kilograms of freshly broken rock between 2 
and 2^ inches in size is tested in a special form of cylinder so 
mounted on a frame that the axis of rotation of the cylinder is 
inclined at an angle of 30^ with the axis of the cylinder itself. 
The fragments of rock forming the charge are thus thrown from 
end to end twice during each revolution, causing them to strike 
and rub against each other and the sides of the cylinder. After 
10,000 revolutions the resulting material is screened through a 
^-inch sieve and the weight of the material passing is used to 
calculate the percentage of wear. The French coefficient of 
wear is calculated from the per cent of wear as follows: 

French coefficient of wear = 40 -r percentage of wear • 

To determine the binding power, or cementing value, as it is 
usually called, 500 grains of the material to be tested is crushed 
to pea size and ground with water in a ball mill until it has the 
consistency of a stiff dough. It is then molded into cylindrical 
briquettes 25 by 25 millimeters in size, which, after thorough 
dr3dng, are tested to destruction in a special^ form of impact 
machme. A 1-kilogram hanuner falls throu^ a constant height 
of 1 centimeter upon an intervening plunger, which in turn rests 
upon the test piece. A graphic record of the number of blows 
required to destroy the specimen is obtained. The number of 
blows producing failure is called the cementing value of the 
material. 

The specific gravity, weight per cubic foot, and the water 
absorption in pounds per cubic foot are obtained on samples of 
rock which are tested to determine their road-building qualities. 
The weight per cubic foot is calculated from the specific gravity 
of the material obtained on a 10-gram sample by the usuial dis- 
placement method. The gain in weight of this fragment after 
four days' continuous immersion in water is used to calculate 
the water absorption in pounds per cubic foot of the solid rock. 

Results of Tests. — ^Because of the fact that the various rock 
famiUes, when subjected to the tests outlined, give results which 
are more or less distinctive of a group or type, these results can 
best be discussed in many cases collectively. There are 14 fam- 
ilies of rock which are more or less commonly used in macadam- 
road construction. The variations which have been found to 
exist in the three principal tests for each of these are shown in 
graphic form in the diagrams on pages 76-82. The values of 
the tests are arranged as absciss®, with the zero points to the 
left and the values numerically increasing toward the ri^t. 
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The ordinates or vertical lines represent the percentages of the 
total number of samples having values corresponding to the 
absciss® on which they are plotted. The figures in parentheses 
in the upper right-hand corner of each block represent the total 
number of determinations from which these percentages were 
calculated. 

Andesite, Basalt, Diabase, Diorite, Gabbro, and Rhyolite 
comprise the well-known group of road-building rocks commonlv 
known as "trap." The average toughness of all the traps, with 
the exception of gabbro, which rims somewhat lower, is about 18. 
This is a considerably higher average than that shown by any 
of the other types or groups. The same relationship holds trtie 
in the abrasion test, the average French coefficient of wear run- 
ning from about 13 to 15. Comparatively sU^t variations in 
hardness are noted for any family or for the group as a whole, 
the average hardness for which is about 18. The binding power 
of the traps varies through wide limits, depending largely on the 
degree of weathering they have imdergbne. The specific gravity 
of this group averages about 2.9, giving an average wei^t per 
cubic foot of 180 pounds. Individual samples are seldom less 
than 2.7 nor more than 3.2 specific gravity. Water absorption 
may vary from a few hundredths of 1 per cent to over 7 per cent. 

Granite is characterized by low toughness and high hardness. 
The average value for the former is about 8, while that for the 
latter runs as 18.5. The abrasion test develops an average 
French coefficient of wear of about 11. Cementing values rim 
low, the only exceptions being very highly weathered material 
which usually shows low toughness and resistance to wear. The 
specific gravity averages 2.7. The wdght per cubic foot aver- 
ages 168 pounds. Water absorption has been found to run from 
about 0.04 to 3 per cent. 

The limestones and dolomites, or magnesium limestones, are 
undoubtedly the most widely used road-building rock. The 
average French coefficient of wear is about 8, tou^mess 7, and 
hardness 15. The cementing values are usually good, about 75 
per cent of all samples tested running over 25. The specific grav- 
ity of the Umestones and dolomites averages close to 2.7. In 
general, the weight per cubic foot will average about 168 pounds 
for the limestones and 170 pounds for the dolonute. Absorption 
may vary from a few hundredths of 1 per cent to over 13 per 
cent. 

The sandstones are characterized by wide variations in the 
results of all tests. The average French coefficient of wear is 
about 12, average toug^ess about 10, and average hardness 
about 16. The cementing value of sandstones varies widely, 
depending upon their composition. Their specific gravity aver- 
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ages 2.62. The weight per cubic foot averages 164 pounds. 
Absorption runs from a few hundredths of 1 per cent to about 2 
per cent. 

The average toughness of marble is about 5 and the average 
hardness is less than 14. Marbles usually show good cementing 
value tests, with about the same range as the limestones and 
dolomites; The specific gravity ordinarily falls between 2.7 and 
2.9 and the weight per cubic foot averages 173 pounds, which is 
somewhat higher than the average for either limestone or dolo- 
mite. The maximum absorption is under 2.5 per cent. 

Quartzites show an average toughness of 15. The quartzites 
invariably show a low cementing value. Their specific gravity 
usually lies between 2.6 and 2.8 and their average weight per cubic 
foot is about 167 pounds. Their water absorption runs from a 
few hundredths of 1 per cent to nearly 3 per cent. 

Gneiss and schist show similar physical properties. The 
average French coefficient of wear for the gneiss samples is about 
9. Their average hardness, toughness, specific gravity, weight 
per cubic foot, and absorption are approximately the same as for 
granite. 

The schists show an average French coefficient of wear of about 
12. Their average hardness is about 17.5 and their toughness 
averages 11. The toughness test for both gneiss and schist is 
made perpendicular to the plane of foliation. If taken hori- 
zontal to the plane of foliation much lower results would be ob- 
tained, as failure would then occur along these natural lines of 
cleavage. The specific gravity of schists usually lies between 
2.65 and 2.90 and the average weight per cubic foot is about 181 
pounds. Water absorption is seldom over 2 per cent for this 
family. 

With the exception of the highly altered varieties, both gneisses 
and schists show a rather low cementing value. 

Chert is a very hard material, but frequently shows a low re- 
sistance to wear, owing to its tendency to fracture along lines 
which have developed as shrinkage cracks in the rock structure. 
For this reason it is extremely difficult to test for toughness. The 
cementing value of pure chert is usually low, but some highly 
weathered deposits develop in service good cementing value, 
especially if a high-binding clay is associated with it. The 
French coefficient of wear has usually been found to average 5, 
tou^ness 16, and the hardness coefficient between 19 and 20. 
Specific gravity usually lies between 2.4 and 2.65 and the aver- 
age weight per cubic foot is about 160 pounds. Water absorp- 
tion may nm from a few tenths of 1 per cent to over 8 per cent. 

Shales and slates are highly laminated rocks that tend to break 
into flat plates not suitable for road-building piu-poses. They 



BOAD BUILDINO BOCKS 89 

are seldom used in road oonstniction, except perhaps as a filling 
for sub-foundations. They vary greatly in nearly all of their 
physical properties. 

Many varieties of slag resemble in certain outward respects 
the common road-buildmg rocks. However, in general, they 
are more porous and glaiKty, and vary so greatly in physical 
properties that with reference to their physical characteristics 
from the standpoint of road construction they cannot well be 
considered as a single dass with definite limits or general average 
nmnerical values. 



CONCRETE ROADS 

Although concrete pavements were laid at Bellefontaine, Ohio, 
in 1893 and 1894, the type did not attract general attention until 
fifteen years later. During 1913, over 10,000,000 square yards 
were laid, eight times as much as in 1911. This rapid develop- 
ment was accompanied by marked differences in methods of con- 
struction, which aroused some apprehension that poor results 
from inferior methods would retard the logical adoption of the 
type in places for which it was suited. Accordingly road and 
street engineers and contractors from all parts of the country 
met in February, 1914, for a three-day discussion of concrete 
road building. The report of this conference exercised a standard- 
izing influence on methods of construction, as had the somewhat 
earlier adoption by the American Concrete Institute of stand- 
ard specifications for concrete roads and pavements. Some of 
the methods of construction presented features which required 
detailed investigation, and committees were appointed for such 
work. In February, 1916, a second national conference was 
held, at which the reports of these committees were received 
and discussed. This chapter summarizes the information pre- 
sented at that conference. 

Foundation and Subgrade 

The following opinions regarding foundations and subgrade 
were adopted by the 1916 conference: 

When roadways are constructed over fills, extreme care should be ob- 
served to insure the use of proper materials in layers of such thickness 
that they may be thoroughly compacted so that when the fill is completed 
there will be a minimum of settlement. In general, fills shall be made in 
thin layers, the depth depending on the character of material to be used 
in making the fill. The fill should be allowed to stand for as long a time 
as possible, giving it an opportunity to settle thoroughly before tne pave- 
ment is placed thereon. Deep fills should be allowed to settle through 
one winter wherever such procedure is possible. Puddling will be found, 
advantageous in compacting deep fills. Wetting and rolling shall be per- 
formed when making a fill in order to secure thorough compactness. Fills 
should never be made with frozen materials nor with liunps greater than 6 
inches in their greatest dimension. 

The fundamental requirement of the subgrade is that it should be of 
uniform density so that it will not settle unevenly and cause crgicks in the 
surface of the pavement. No part of the work is more worthy of intelli- 

90 
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gent care and painstaking labor than the preparation of the subgrade. The 
slight additional cost necessary to insure good results is abundantly jus- 
ti&ble. When the pavement. is constructed on virgin soil, care should 
be taken to remove all soft spots so as to insure a uniform density; and if 
constructed on an old roadbed, even ^eater care must be taken to secure 
uniform density, as the subgrade is likely to be more compact in the cen- 
ter than at the sides. An old roadbed should be scarified, reshaped and 
rolled. The subgrade adjacent to curbs should be hand-tamped. 

The importance of a uniformly firm support for the concrete 
slab was not fully appreciated by all roadbuilders. There was an 
opinion among some that the concrete would act as a beam and 
distribute the loads coming on it over such a wide area that inequali- 
ties in the sustaining power of the earth would prove imimportant. 
The number of cracks in concrete pavements attributable to un- 
warranted confidence in this beam action is beyond proof, but 
today the opinion is generally held that the money spent in se- 
curing a firm foundation is a wise outlay to insure low mainte- 
nance charges. This is particularly the case where an old road 
is used for a foundation. It is unlikely that a concrete pavement 
will be laid on it until the old road needs repairs. If the sur- 
face is then merely leveled by a thin course of stone or gravel, it 
is possible that there will be weak places, particularly along the 
sides of the road. 

Drainage 

The 1916 conference adopted the following statement of the 
principles which should govern the drainage of the roadbed sup- 
porting a concrete slab: 

The drainage of the roadbed is of vital importance. If the subgrade 
is not well drained there is danger of unequal settlement and of frost action, 
which will cause cracks. The method of drainage to be used will depend 
on local conditions.. For streets, as well as roads, tile drams ma^ be used 
which should be laid on each side of the roadway, or on one side only, 
with cross-drains leading thereto at a suitable depth, depending on the 
width of the pavement. Drainage trenches, if placed under the subgrade, 
should be completed before final rolling. 

There is an objection to the use of cross-drains imder thin 
concrete roads which is not serious in most cases but may be 
imder some conditions. It is practically impossible to compact 
the material over a blind drain as thoroughly as that of the main 
portion of the subgrade, and each blind drain is likely to be a weak 
place in the foundation. An alternative for them which some 
engineers have advised is the construction of a blind drain just 
outside each edge of the concrete slab and extending 8 or- 10 
inches below the subgrade. These drains are connected every 
60 feet with the side ditches by blind drains. All drains under 
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the roadway should have a covering of sand or fine gravel on 
top to prevent the mortar in the wet concrete from passing into 
the broken stone or gravel of the drain. 

Cross-Median of Roads 

The following statements were adopted by the 1916 conference 
regarding the section of the concrete pavement: 

The thickness of a concrete road or pavement is controlled by many 
factors, each of which should be given consideration. In view of the in- 
creasing use of the heavy motor truck and bus, it seems unwise to build 
pavements with a thickness of less than six inches at any point. In sen- 
erali pavements should be thicker at the center than at the sides. AUe^rs 
with an inverted crown, and narrow onenslope roads, should have a uni- 
form thickness. Wherever the thickness can be increased without excess- 
ive cost, to secure a flat Grubgrade, or one nearly flat, suc^ increase is 
advisable. 

The desirable width for single-track roads is 10 feet. The desirable 
width of double-track roads is 18 feet. The total width of the roadway 
should not be less than 20 feet for single-track roads and not less than 26 
feet for double-track roads. 

The crown of roads and pavements should be not less than one one- 
hundredth nor more than one-fiftieth of the total width. ' Except in un- 
usual cases, one one-hundredth will be sufficient for country roads and one- 
fiftieth will be considered satisfactory for alley pavenents. For city 
streets an average crown of one-seventy-fifth will generally be found 
sufficient and should not be reduced, except on grades. 

Single-track concrete roads are occasionally built on the right- 
hand side of the roadway going in the direction of the heavy 
traflSic. This gives the loaded wagons the better surface. The 
templet used in determining the section of the road is the same 
as for a double-track road but only one-half the road is concreted. 
In Huron and Medina Counties, single-track roads have been 
built as one-slope roads instead of half the section of double-track 
roads, and this construction is preferred by some engineers. 

In Wayne County, Michigan, it has been decided to make 
concrete roads 18 feet wide wherever possible, and never less 
than 16 feet. Near Detroit the width will be 20 feet. While 
this increase in width from 10, 12, 15, and 16 feet will add 
materially to the first cost, it is expected to prove economical 
in the long run, because the expense of maintaining heavy broken 
stone or gravel shoulders will be avoided. This maintenance is a 
large siun on comparatively narrow roads with heavy traflSc. 

There is a decided diflference of opinion regarding shoulders 
for concrete roads. Some engineers hold that the natural soil 
should be used, and where satisfactory shoulders cannot be 
made of it the width of the concrete should be increased. Other 
engineers recommend gravel or broken stone shoulders, after 
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experience with them. The diflference of opinion is probably 
due to differences in the quality of the earth which must be 
used for earth shoulders and to differences in the character of the 
traffic, upon which the opinions are based. There is no question, 
however, that if traffic makes frequent use of shoulders of clay 
or clayey loam, they are speedily ruined, and if heavy traffic makes 
frequent use of macadam shoulders, the junction between the 
concrete and broken stone becomes a long rut. In either case the 
proper maintenance of the shoulders will be expensive. If two 
macadam or gravel shoulders wider than 4 feet are considered 
necessary, it is advisable in every case to consider the alternative 
of an increased width of concrete. The construction of gravel 
and macadam shoulders should be postponed, if practicable, until 
a month after the concrete road has been finished, and they should 
be left slightly higher than the concrete to facilitate turning 
out on them. 

In cuts, where the grades are over 5 per cent, it is usually neces- 
sary to pave the ditches and to use gravel or macadam shoulders. 
The maintenance of these ditches and shoulders is expensive, 
and it is possible that money will be saved in the end, even on 
single-track roads, by increasing the width of the concrete and 
adding a concrete ditch and curb at each side. The ordinary 
construction will call for a 10-foot concrete road, 8 feet of shoul- 
ders and 8 feet of ditches, a total of 26 feet width of cut at the 
bottom of the excavation. For this can be substituted a concrete 
roadway 16 feet wide with two integral curbs bringing the total 
width to 17 feet 8 inches. The curb acts as an abutment for the 
toe of the slope. 

On fills over 5 or 6 feet high, where turning out on a soft shoulder 
may cause a serious accident, it is desirable to widen a single- 
track pavement to 16 feet unless the top of the fill is so wide that 
an overturned car will not roll down the slope. In any such case, 
the safety of the public requires a more careful study of the 
dangers on embankments than was given to the subject before 
automobiles became numerous. Attention is called to the 
record of deaths and injuries on page 25. 

Materials 

Cement is bought for most road work under the standard 
specifications of the American Society for Testing Materials, 
which were revised in 1916. They are printed in the next chapter. 

The following statements regarding fine and coarse aggregate 
were adopted by the 1916 conference: 

The selection of proper aggregates for concrete road construction is 
of utmost importance. Clean, hard, well-graded materials are absolutely 
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essential to success. For this reason samples of the materials proposed 
for use should be submitted to the engineer for approval before orders 
are placed. These samples should be carefully inspected: and if possible 
laboratory tests made to determine their suitability. If laboratory tests 
on shipments cannot be made, field tests can be used to furnish a general 
indication of quality. 

The different aggregates should be kept clean and separate. 

Aggregates to be used in the wearing course of two-course pavements 
should never be placed on the subgrade but on planks or some other means 
provided to keep them free from dirt. When aggregates are placed di- 
rectly on the suDgrade care should be used bv the shovelers to avoid get- 
ting clay or earth shoveled from the subgraoe into the mix. Aggregates 
should not only be clean when they are delivered on the job, but clean 
when placed in the mixer. 

Investigations to determine the usefulness of the rattler test 
to show the value of different concrete mixtxires for road work 
indicate that it may prove of value. For the present, however, 
the older practice of relying on tests of the stone is being followed 
wherever any testing is done. Generally the best clean, hard and 
tough crushed rock or gravel is used, provided it will give a con- 
crete harder than the mortar used with it. It is defsirable to 
use stone having a French coeflEicient of wear of at least 8. 

Experience indicates that cracks occur more often in gravel 
concrete than in stone concrete. Probably this is largely due 
to the very fine material on the surface of most gravel pebbles, 
which must be washed off carefully to make the material nt for 
road work. 

Fine aggregate, or "sand," is generally required to pass a i- 
inch screen. Not more than 25 per cent must pass a 50-mesh 
sieve and not more than 5 per cent a 100-mesh sieve. It must 
contain no vegetable or other deleterious matter and not over 3 
per cent by weight of clay or loam. The sand should be tested 
frequently in the field by shaking a sample with water in a grad- 
uated glass and allowing it to settle for an hoxir. If there 
is more than about 5 per cent of very fine material showing on the 
top of the sand, samples should be sent to the laboratory. Nat- 
ural sand or screenings from hard, tough, durable rock may 
be used. Natxiral sand sometimes contains vegetable acids 
which reduce its value for good concrete. Their presence is 
determined by making similar briquettes of the natural sand 
and of standard Ottawa sand, and no natural sand should be used 
in road work which does not give a strength at least equal to 
that obtained with Ottawa sand. The best sand is that in which 
the coarse particles predominate. Improvements can sometimes 
be made by mixing two natural sands or a fine sand and screenings. 

The standard specifications for coarse aggregate, or ''stone" 
call for material passing a 2-inch roimd opening, with not more 
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thau 5 per cent passing a screen having four meshes per inch 
and without any intermediate sizes removed. 

The water used in making the concrete must be free from oil, 
acid, alkali or vegetable matter. 

Proportions 

The 1916 conference adopted the following statements of the 
principles governing the proportions of the materials: 

The method of measuring materials for the concrete, including water, 
should be one which will insure accurate proportions of each of the in- 
gredients at all times. It is recommended that a sack of Portland ce- 
ment, containing 94 pounds net, be considered the equivalent to 1 cubic 
foot. 

The proportions should not exceed 5 parts of fine and coarse aggregate 
measured separately to 1 part of Portland cement, and the fine aggregate 
should not exceed 40 per cent of the nuxture of fine and coarse aggregates. 

The standard specifications for one-course coimtry roads call 
for one sack of cement to not more than 2 cubic feet of fine aggre- 
gate and not more than 3 cubic feet of coarse aggregate, with 
the volimie of fine aggregate never less than half that of the 
coarse aggregate. A cubic yard of the mixed concrete must 
contain at least 1.7 barrels of cement. The amount of water 
used must be enough to produce concrete holding its shape 
when struck with a template. Concrete which has partly hard- 
ened must never be used. 

The standard specifications for two-course pavements call 
for a base mixed in the proportions of 1 sack of cement to not 
more than 2\ cubic feet of fine aggregate and not more than 4 
cubic feet of coarse aggr^ate, with at least half as much fine as 
coarse aggregate. Two grades of top aggregate are specified 
for the top course; No. 1 must pass a |-inch screen and have not 
over 10 per cent passing a ^-inch screen, and No. 2 must pass a 
1-inch screen and have not over 5 per cent passing a J-inch 
screen. Two mixtures are specified for the top course. Mix- 
ture 1 consists of one sack of cement to not more than 1 cubic 
foot of fine aggregate and not more than l|-cubic feet of No. 
1 top aggregate. Mixture 2 consists of one sack of cement 
to not more than 1^ cubic feet of fine aggregate and not more 
than 2J cubic feet of No. 2 top aggr^ate. The volimie of fine 
aggregate must equal half the volume of tc^ aggregate in either 
mixture. 

The quantities of cement, sand and gravel required to build 
a mile of road of different widths and thicknesses are given in the 
accompanying tables, supplied by the Portland Cement Associa- 
tion. They are based on the assumption that a barrel of cement is 
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equivalent to 4 cubic feet and the voide in the stone are 45 per 
cent. Variations from the tabulated quantities may amount 
to 10 per cent either way. * 

The proportions of cement, sand and stone should be such 
that the concrete will have the properties desired for a road. 
Where good stone is expensive but softer stone is cheaper, a two- 
course pavement utilizing the poor stone in the base and the hard 
stone in the top may prove more economical than a thinner one- 
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course pavement of the harder stone. In any case the amount 
of moTlsi' used should be about 10 per cent in excess of the voids 
in the stone. There is so much variation in the grading of sand 
and stone that a 1:2:4 mixture in one place may be equal to a 
1:2:3 mixture in another. As the work progresses, the quality 
of the concrete must be watched carefully, and the proportions 
shifted so that the greatest density will be obtained. Attention 
to this feature of the work is considered very important by ex- 
perienced concrete road builders. 
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Mixing -'wt^m'^ (\oi ■y\i It vA^-^ivq 

The principles that shouldrgorenL iikisiiignifttTe>statrid aafaA^ 
lows by the 1916 conferenoe'n-.liuf! -t,' -i 'I'lrl:) V> ■.:; ; > ;i -aI '^ -.d ii( 

The ingredienta 8hou|d'b9 mixed'm abft^oli neuter- 'jo^inisnK aidiiifd 
be continued for at leaist bu^ njii^i^Ute^ aJl 'tbe' ma^Hkls are itiiEef mix0 
and before any of the!<cotlCrete ia'ditihaF^d. " The ii)ieed vf t.hri: Mi-tit ^ 
should not exceed i9r^Tolii(:toi»TOr;iauJut«; however, the- time iwid 'nit 
the numb^, oijreTplul^^ia^^hppld b«[ 1% gaje;of;prop¥r .mixing. . i,,,,. 

The pr,ftctice i* to mis ooncrete' entirely tob>et. The-con8isteiM!£ 
should bB'Suon as'ttbt' to "requW tamping,' 'but tibi'So'Wet as to qati«e'tb5' 
oQipdmtiiMt of th«^tb(»4arfr(ftirthe ^ftpegiiM in' handling eiid pattUiKi ' ' '-7%e'' 
atrength' anii/fttanadl i^i^litifH (tf'thercOflcretQaTO'Titallyilsue^d^bjtlaBr 
«;^88,pf ,^ater;ianjiiEU[g.,|.,[ , .^ ;.■;■.[, ,, |- i i ;,..!; Ij! m; - qo!- ■' v,.-iii jiS 

"iliie' rcABdn'fdr' fijdng otie^^bHtrtrii-aS the^riiiditQum'tiitife tef 
miziiig is that tests have shown that wate^ is ndt VorkeSthi'Qfu^^ 
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the mass as it should be in less than a minute. A smaller quan- 
tity of water can be used with long-time mix ng than with short- 
time mixing and the same degree of fluidity obtained. On ac- 
count of the desirability of keeping the amoimt of water as close 
as possible to 1 gallon per cubic yard of concrete, at least one 
minute mixing time is desirable. If a large quantity of water 
is used and the mixing time is less than a minute, the product 
may appear imi orm to the eye when it actually is not well mixed. 
The reason for restricting the speed of the mixer to 16 revolu- 
tions per minute is that at a higher speed some of the material 
sticks to the drum and there is considerable splashing as the 
concrete is discharged. At least 10 revolutions are necessary 
to mix the aggregate. 

Placing 

The principles governing placing were stated as follows by the 
1916 conference: 

If the subgrade has been disturbed by teaming or other causes, it should 
be brought to its former surface, and thoroughly moistened with water. 
The concrete should be deposited rapidly to the required depth and width. 
The section should be completed to a transverse joint, with the use of 
intermediate forms or bulkheads, or a transverse joint may be placed at 
I'i.i' the point of stopping the work. In case the mixer breaks down the concrete 
Oi:i' ifthould be mixed by hand to complete the section. Where reinforcement 
Oil- iH'iisied it should be embedded in the concrete before the concrete has begun 
itd^hititden; the concrete above the reinforcement should be placed within 
L'.f fl(|^infi6,tkt^ after the placing of the concrete below. 
gIo |t;i^cl]|^tt^^£(hirse pavements the top should be placed within twenty min- 
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The standard specifi cations allow forty-five minutes as the 
maximum time between the laying of the bottom course and the 
placing of the top course. 

Practically all concrete roads are bu3t with special paving 
BUBi:er8 i^Uete diseha^xthe iconoi^^te on the road where it is to 
be used by means of chutes or buckets hauled along a boom that 
swung from one side of the road to the other. The pitch 

.„d!fM?r.9kWftfffl^^l#Bi«PW« concrete of a 

I»OTt^iJif«K)ltfiBt«if«y)dBea<»lKy/iHlat)thie; Attempt)! to cover consider- 
ayebareapitcaitraotoFS^^oiiietimeB <S0t<'th^<'ehut^ ^at a flat angle 
and use^^^'tbti^^f^n^a^^^^^^^ flow 

^^'<TOa^''cW chute 

i^ura^J^jiSphdegmfifbiitlfi th^ )G]ii^te(iiafii€fMif.off)!i!iiBted> eomsrete 
withda^-prepdrvknicyuirtj of'>wa*er'fWill flotr<^?atber'«$lOTHy - damn a, 
20 d^ree slope until the metal surface has^B^ii'fetiioWthgd^S^tH^ 
^SP m?^miM9p^^iT^m>^^ r^ute)i^yxRe^taf#te«piBrMrffpe 
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rorms 

The 1916 conference adopted the following statement of the 
principles that should govern the use of forms to retain the con- 
crete at the sides of the roadway: 

Metal forms of sufficient strength to withstand the necessary hard 
usage are preferred. When wooden forms are used they should l>e of at 
least 2-incn stock and capped with a 2-inch angle iron, so constructed that 
adjacent sections ean be lapped. Forms should have a width not less 
than the thickness of the pavement at the. sides. Particular care should 
be exercised to see that the top edges of forms are clean so as to avoid un- 
evenness in the finished pavement. If forms are warped or stakes not  
properly placed, a poor alignment of the edge of the concrete slab will 
result. 

They must be set firmly and the topes must be true to grade, 
because they support the templets, bridges and other apph'ances 
used in finishing the surface. The steel angles on wood forms 
are necessary to enable the finishing work to proceed in a satis- 
factory manner. By having the angles project 3 or 4 inches 
beyond the end of the wood at one end and set back the same 
distance at the other, the alignment of the forms will be facili- 
tated. Painting wood forms will prevent warping and add to 
their life. Where a power-driven striking and finishing machine 
is used, specially heavy forms securely held in place are needed. 

Joints 

While transverse joints are omitted on some work, they are 
generally required because of the prevailing opinion that they 
reduce the cracking of the concrete. They are constructed by 
placing across the road a strip of prepared filler made for the 
purpose. This fiiller is usually held in place by a steel templet 
until the concrete is deposited against it. The templet is then 
removed and the concrete settles against the filler. The joints 
are of two types, with and without metal protection plates. The 
following statements regarding them were adopted at the 1916 
conference: 

Transverse joints should be placed across the pavement perpendic- 
ular to the center line about 50 feet apart. There seems to be a tendency 
to lengthen the distance between jomts. Joints should extend entirely 
through the pavement, as well as through the curb if integral curbs are 
used. Joints should be constructed perpendicularly to the surface of the 
pavement to avoid the possibility of one slab rising above the other. 

The tendency of present practice is toward the omission of metal 
protection plates for joints. It is possible that the value of metal pro- 
tection plates is dependent somewhat on the character of the aggregate 
used, and it is considered that they are more essential in street pavements 
than in country highways. 
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The standard specifications call for |-inch transverse joints 
at intervals of not more than 36 feet. The filler must project 
at least |-inch above the concrete during construction, and after 
the completion of the pavement it is trimmed ofif J-inch above 
the surface. The traffic flattens out the projecting material and 
hardens the top of the joints. Experience shows that it is very 
desirable to have the joints form a plane surface perpendicular 
to the surface of the road. 

Measurements of the expansion and contraction of concrete 
roadway slabs have been made by R. J. Wig, C. S. Laubly and 
W. A. Mclntyre, from which they drew the following conclu- 
sions: Contraction and expansion are caused by both temper- 
ature changes and changes in moisture conditions, and imder 
climatic conditions similar to those at Washington, D. C, the 
effects from these two factors in concrete road surfaces are ap- 
proximately of the same magnitude. In concrete roads, ex- 
pansion and contraction are sufficient to cause frequent trans- 
verse cracks unless joints are provided. The actual movement 
in any particular case depends upon the character of the concrete 
and of the subgrade. A sloppy concrete shows greater movement 
than a concrete mixed only moderately wet. 

Organization of the Work 

In order for the work to proceed economically, it is necessary 
for the mixer to be kept running most of the time. This can 
only be accomplished if repair parts are kept on hand and mate- 
rials are supplied as needed. If the materials are delivered by 
rail it often pays to keep men at the sand and stone plants to see 
that the railroads furnish cars as needed and the shipments are 
made on time. If the contractor operates his quarry he must 
see that precautions are taken to reduce delays due to break- 
downs or other causes to a minimum. The delivery of mate- 
rials along the road calls for careful plalming of both plant and 
organization. In any case, provision should be made against de- 
lays due to insufficient materials by storing supplies of cement, 
sand and stone on the work. The cement can be stored in a shed 
at the railroad siding or in tents with raised wood floors along the 
road. The sand can also be stored along the road. The stone is 
best stored at the railroad siding, because it is costly to rehandle 
and by doing the work at one place mechanical appliances can be 
used which will reduce the expense materially. The organiza- 
tion should be arranged to avoid all unnecessary handling of 
materials, not only because this involves a labor charge but also 
because transportation equipment is doing no useful work while 
being loaded or unloaded. Tractors with trailers, motor trucks 
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and industrial railways are generally used for hauling, and by 
having competent repairmen to keep them in order and running 
them with two shifts so as to use them about eighteen hours a 
day, very low imit costs are often obtained in comparison with 
the expense of hauling by horses or mules. 

The water supply must be planned to wet the subgrade, sup- 
ply the mixer and keep the concrete wet for a number of days 
after it is laid. While it has been delivered along the road in 
tanks, it is usually pumped through a pipe, generally 2 inches in 
diameter. As the water which must be used sometimes con- 
tains sand which will score the cylinders or plungers of a high 
pressure pump so as to put it out of service, it is often lifted by a 
centrifugal pump in such cases into a storage tank where the sand 
has an opportunity to settle before the water is drawn by the 
high-pressure pump. If the tank has two chambers separated 
by a partition rimning nearly up to the water level, the separa- 
tion of the sand will be improved, for the stream water can be 
delivered into one chamber where most of the sedimentation 
will occur and be drawn from the other. There should be a relief 
valve in the pipe line near the pressure pump so as to prevent 
breaking the pipe if all the gates on it are closed. If no valve is 
used the pump should be belt driven, so that in case the pressure 
rises the belt will slip. The friction head in a 2-inch pipe when 
discharging 50 gallons per minute is about 85 feet per 1000 feet 
of its length, and when discharging 60 gallons per minute the fric- 
tion head is about 115 feet. Consequently the pump must have 
power to overcome a considerable pressure due to friction as well 
as that due to the highest elevation to which the water must 
be raised. 

The size of the paving gang will depend upon the size of the 
mixer, which should depend in turn upon the rate at which mate- 
rials can be delivered to it. There are two^ sizes of mixers, one 
in which two sacks of cement are used in each batch of concrete 
and the other taking a three-sack batch. The smaller machine 
requires about two men handling cement, two shovelers and two 
wheelers for sand, three shovelers and three wheelers for stone, 
a helper at the mixer and a man to bundle the cement sacks. 
The larger machine requires about two men to handle cement, 
three shovelers and three helpers for sand, four shovelers and 
four wheelers for stone, a helper at the mixer and a man to bundle 
sacks. In addition the crew requires a foreman, a mixer oper- 
ator, a fireman, two men setting forms, a pump tender, three or 
four men spreading and floating the concrete, two finishers, and 
one or two attending to the curing of the concrete. To keep 

' Daring 1016, f ournsack mixers were used on several roads, so it is prob- 
able that there will be three sizes of mixers in regular use soon. 
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such a gang working efficiently in the comparatively small area 
occupied by a concreting job it is necessary to have the mate- 
rials deposited so they can be handled expeditiously and without 
confusion. 

Finishing 

The principles which should govern the finishing of concrete 
were stated as follows by the conference: 

The surface of the concrete should be struck off by means of a templet 
moved with a combined longitudinal and transverse motion. The excess 
material accumulated in front of the templet should be uniformly distrib- 
uted over the surface of the pavement except near the transverse joint, 
vrhere the excess material should be removed. 

The concrete adjoining the transverse joint should be dense and any 
depressions in the surface should be filled with concrete of the same com- 
position as the body of the work. After being brought to the established 
pade with a templet, the concrete should be finished, from a suitable 
bridge, with a wood float to true surface. A metal float should not be 
osed.^ 

Brooming of the surface is not necessary and grooves are objectionable 
even on grades. 

For coimtry roads the templet or strikeboard is often made 
of two 2 by 10-inch planks 1 foot longer than the road is wide. 
The lower edge is cut to the desired crown of the road and shod 
with a strip of i by 4-inch steel fastened with countersunk screws. 
It has a handle on each side at each end, so it can be moved along 
easily with a kind of sawing motion. This motion fills all de- 
pressions with concrete and has no tendency to drag out the 
large stone. A slight excess o .concrete is always kept ahead 
of the strikeboard, and a workman often walks in front of the 
board to spread the concrete and take care of any excess that 
may accumulate in front of it. It is usually necessary to rim the 
strikeboard over the surface three times; with very angular stone 
it may be necessary to go over it four times. 

Finishing is now regarded as very important. At Sioux Gity, 
Iowa, where the concrete streets are unusually free from cracks, 
the success with this type of roads is attributed to the special care 
spent in the finishing. A wood float is preferred to a steel trowel 
for finishing because it is believed to make a more dense surface 
which is not slippery. The bridge from which the men work 
is a 2 X 12-inch plank, trussed to prevent deflection and supported 
by the side forms. No finishing should be done while there is 
free water on the surface. For finishing at unprotected joints a 
float split lengthwise, so as to fit over the joint filler, is used. 

^ Owing to the rapid development of belt finishing it is probable that finish- 
ing by wood floats will not be considered essential by many engineers after 
this year. 
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Power finishing machines are now used to some extent as a 
substitute for hand finishing. They operate by rapidly increas- 
ing and decreasing the weight on the area of concrete on which 
they rest. These vibrations of load joggle the concrete, increas- 
ing its density and leaving a satisfactory finish when the con- 
crete has a suitable consistency and the work is conducted 
carefully. 

During 1915 and 1916, an increasing use has been made of 
belt finishing. The work is done with canvas belts from 12 to 
24 inches wide. In Wayne Coimty, Michigan, where the method 
has been used for the longest time, a 12-inch belt about 1 foot 
longer than the width of the road, is preferred. It has a handle 
at each end and is pulled gently back and forth across the surface 
after the latter has been shaped by the strikeboard. After the 
surface is finished in this way, it is gone over a second time with 
another belt, and sometimes a third time with a third belt. The 
belts M*e washed at the close of each day. 

When belts are used for finishing it is desirable to shape the 
concrete with a strikeboard having a face about 8 inches wide and 
long handles like those of a plow at each end. With such a strike- 
board the men can tamp as well as shape the concrete, and thus 
leave the surface in better condition for the belt than is the case 
with a thin strikeboard. 

Curing 

The protection and curing of the concrete must be carried on 
carefully because the best concrete may be seriously damaged 
by too rapid drying out of the surface in hot or windy weather, 
by exposure to low temperature or by being opened to traffic too 
soon. The principles which should govern the work were stated 
as follows by the 1916 conference: 

Even the best concrete may be seriously damaged by too rapid drying 
out, early exposure to low temperature, or by being opened to traffic at too 
early a period. Hot sun and orying winds are most liable to dry out the 
concrete too rapidly, thus causing shrinkage cracks or causing a surface 
wlt^ch will not wear well under traffic. The use of a canvas covering will 
be found effective in overcoming this condition. 

Sprinkling should also be emplo3red as soon as the concrete is hard enough 
to prevent the surface being pitted. An earth covering or protection by 
ponding should be employed after the first day. Under most favorable 
conditions such protection should be given the p>avement for at least two 
weeks. Water should be added during this period to keep the concrete 
wet. 

In cool weather it is often advisable to omit the earth covering, thus 
allowing the concrete to harden more rapidlv. Sprinkling should not be 
omitted during the day in case the surface snows a tendency to dry out. 
When there is danger of frost, sprinkling should be omitted and a covering 
of eanvaa or straw and canvas used. 
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Placing concrete in roadB and pavements in temperatureB at or near 
freezing is not advisable, and if in special cases, such work is unavoidable, 
the water and aggregate should be heated ana precautions taken to pro- 
tect the concretefrom freezing for at least ten davs. 

Chemicals to lower the freezing temperature of the mixture should not 
be used. Concrete should not be deposited on a frozen subgrade. 

The canvas provided for protection during hot and windy 
weather, should be sufficient to cover at least half the surface 
laid during a day. Strips 2 yards wide are used and they are 
about a yard longer than the width of the pavement so thateach 
end can be weighted. They are supported on frames so as not 
to touch the concrete, and are kept in place until the concrete 
has hardened. 

The curing of concrete by ponding is not only more econom- 
ical in many cases than the use of wet earth but it has a greater 
advantage in permitting the inspector to determine at a glance 
if the curing is proceedinjg properly. It is difficult to make cer- 
tain that an earth covering is kept properly wet, but there can 
be no question whether water is standing on the concrete. Banks 
of earth are constructed along each edge of the pavement and 
transverse banks at each expansion joint and more frequently 
where the grades make them necessary. The water is kept at 
least 2 inches deep over the center of the road. 

If there is danger of a heavy storm which will pit the surface 
of fresh concrete it must be protected by canvas. Contractors 
are advised to request the nearest forecasting station of the United 
States Weather Bureau to send its daily bulletin of the prob- 
able weather conditions during the next thirty-six hours. 

The standard specifications require both water and aggre- 
gates to be heated if the temperature drops to 35 degrees or is 
likely to do so within twenty-four hours, and the concrete laid 
under these conditions must be specially protected from freezing 
for at least ten days. A canvas cover will be sufficient to pro- 
tect the concrete against frost during the first night and after 
that about 3 inches of straw or marsh hay held down securely 
will probably serve. If a sharp lowering of the temperature is 
anticipated the straw should be covered with canvas. It is 
cheaper to take all necessary precautions than to tear out and 
replace damaged concrete. Even a light freezing of the top 
will make the surface scale. 

Maintenance 

The following explanation of methods of maintenance was 
prepared by A. H. Hinkle, L. C. Herrick, John W. Mueller and 
Maurice Hoeffken for the 1016 conference: 
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Joints and cracks can be successfully treated by thoroughly cleaning 
them and filling when dry, and preferably during warm weather, with hot 
tar, then covermg with drv sand or screenings. The tar should be per- 
mitted to lap over the spelled edges of the crack, but not to exceed 1 inch. 
The most desirable covering is clean^ coarse sand or cleans creenings of stone, 
slag or gravel, that will pass a i-mch circular opening, and be retained 
on a A-inch mesh screen. The tar should be poured wnen hot enough to 
run readily into the crevices of the pavement (about 200* to 250 F.). 
It is believed that no lar{;e excess of the tar should be used as the frequent 
use of such an excess might eventually build up an elevation on the sur- 
face which would be objectionable to traffic. The covering of screenings 
or sand should be put on immediatelv after pouring the tar so that while 
in the liquid state it will unite with the screenings or sand in sufficient 
degree to prevent the tar from sticking to wheels of vehicles or melting 
during hot periods and running from the cracks. 

The use of a mastic consisting of a mixture of hot tar and sand, in place 
of pure tar, for filling the cracks and joints, gives promise of excellent 
results; but perhaps it is too soon to give de&ite specifications for this 
mixture. The fiUmg of the larger and more open cracks or joints with 
the mastic, and the use of the pure tar for fillmg the minor openings in 
the pavement and such as are made necessary by settlement after the 
joints have been originally filled with the mastic, may be found to be m,06t 
satisfactory. 

A pouring can with a round or vertical spout is very satisfactory for 
pouring tar in filling cracks and joints. Inasmuch as it is desired that 
the tar shall lap over the edges of the crack or joint, the use of a conical 
pouring can would be of doubtful economy. 

Small holes and shallow depressions can be successfully treated as fol- 
lows: Clean surface thoroughly. Where the surface is disintegrated it 
should first be thorou^y swept with a steel broom in order to remove 
all loose spalls or foreign matter; afterward, the dust must be removed 
by sweeping with a rattan or house broom. The hot tar is then applied 
to the dry concrete and rubbed well with a squeegee or stiff broom to se- 
cure a good bond to the surface of the concrete. The tar is then covered 
with coarse sand or screenings (| to A inch) of stone, slag or gravel. The 
amount of tar used will vary from } to 1 gallon per square yard, depending 
upon the depth of the depression to be filled. When more than t gallon 
per square yard is used, it should be applied in two coats and the excess 
screenings swept off before the second coat is applied. The more tar 
that is applied to the surface, the more desirable it is to have the coarser 
material tor a covering. In filling small holes the application of the tar 
in two la3rers would, of course be unnecessary. 

To repair larger holes and deeper depressions than those discussed 
above : Thorou||nly clean and paint the surface with tar. Fill the hole 
or depression with broken stone, preferably of such size that they will 
not exceed in diameter one-half the depth of the depression to be filled 
nor exceed in size stone suitable for an ordinarv tar macadam. The stone 
should be levelled off and compacted as well as may be by tamping 
or rolling so as to conform to the true surface of the road. The voids are 
then filled with the hot tar and screenings applied to the surface, which 
is again compacted and treated as in building a tar macadam. 

The use of a cold mix consisting of clean, hard stone chips coated with 
a coal tar cutback, for filling such holes and depressions, as described 
under the above paragraph, has been followed to some extent with very 
promising results. The stone chips are first thoroughly coated with the 
cold tar preparation by turning with shovels after the tar has been 
sprayed upon them, as in mixing ordinary cement concrete. The mixture is 
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then peiinitted to stand a few days until the lighter oils vaporise from the 
tar, which leaves the stone coated with the heavy tar. The coated chips , 
are then well tamped into the hole or depression to be filled, the shallower 
depressions being first painted with the pure tar. Coarse sand or fine 
screenings are then spread over the surface. If the voids appear quite 
open after the coated chips have been thoroughly tamped, a light appli- 
cation of the tar is made to seal up the voids before the suitace screenings 
are applied. 

Where the pavement is disintegrated badly or. broken clear through so 
as to require rebuilding, it should be cut away with vertical edges. After 
the subgrade is levelled and. compacted and the edges and subgrade thor- 
oughl}r dampened (but the foundation not made muddy), the part out 
awa^ is replaced with new concrete conforming in quafit^r as nearly as 
possible to the concrete of the surrounding pavement. It is well to coat 
the edges of the old concrete with cement grout. Care should be taken 
that the surface of the new concrete conforms to the surface of the adja- 
cent concrete. The new concrete should be kept well dampened for about 
seven days, and protected from traffic (ten days in warm weather and 
much longer in cold weather) until thoroughly hardened. If the replace- 
ment is over an excavation the concrete should be properly reinforced. 



STANDARD SPECIFICATIONS FOR PORT- 
LAND CEMENTi 

1. Portland cement is the product obtained by finely pul- 
verizing clinker produced by calcining to incipient fusion, an 
intimate and properly proportioned mixture of argillaceous and 
calcareous materials, with no additions subsequent to calcination 
excepting water and calcined or uncalcined gypsimi. 

2. Chemical Properties, — ^The following limits shall not be 
exceeded: 

Loss on ignition, per cent 4.00 

Insoluble residue, per cent 0.85 

Sulfuric anhydride (S0|), per cent 2.00 

Magnesia (MgO), per cent 5.00 

3. Physical Tests. — ^The specific gravity, of cement shall be not 
less than 3.10 (3.07 for white Portland cement). Should the test 
of cement as received fall below this requirement a second test 
may be made upon an ignited sample. The specific gravity test 
will not be made unless ipecificaUy ordered. 

4. The residue on a standard No. 200 sieve shall not exceed 22 
per cent by weight. 

5. A pat of neat cement shall remain firm and hard, and show 
no signs of distortion, cracking, checking, or disintegration in 
the steam test for soundness. 

6. The cement shall not develop initial set in less than forty- 
five minutes when the Vicat needle is used or sixty minutes when 
the Gillmore needle is used. Final set shall be attained within 
ten hours. 

7. The average tensile strength in poimds per square inch of 
not less than three standard mortar briquettes composed of one 
part cement and three parts standard sand, by weight, shall be 
equal to or higher than the following: 

^ Adopted by the American Society for Testing Materials in 1904 and re- 
vised in 1908, 1909 and 1916. These specifications are the result of several 
years' work of a special committee representing a United States Govern- 
ment Departmental Committee, the Board of Direction of the American 
Society of Civil Engineers and Committee C-1 on Cement of the American 
Society for Testing Materials, in cooperation with Committee C-1. The 
specifications as here printed are but the first part of the Society's "Stand- 
ard Specifications and Tests for Portland Cement," as officially published. 
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AQMJlT 

nssT 


ROBAaa OF BBiQvnns 


TBNIILB 
BTBBNOTH 


day9 
7 


1 day in moist air, 6 days in water 


lb. p$r •g.tn. 
200 


28 


1 day in moist air, 27 days in water 


300 









8. The average tensile strength of standard mortar at twenty- 
eight days shall be higher than the strength at seven days. 

9. Packages, Marking and Storage. — iThe cement shall be de- 
livered in suitable bag^ or barrels with the brand and name of 
the manufacturer plainly marked thereon, imless shipped in 
bulk. A bag shall contain 94 poimds net. A barrel sh^dl con- 
tain 376 potmds net. 

10. The cement shall be stored in suph a manner as to permit 
easy access for proper inspection and identification of each ship- 
ment, and in a suitable weather-tight building which will protect 
the cement from dampness. 

11. Inspection. — ^Every facility shall be provided the purchaser 
for careful sampUng and inspection at either the mill or at the 
site of the work, as may be specified by the purchaser. At least 
ten days from the time of sampling shall be allowed for the com- 
pletion of the 7-day test, and at least 31 days shall be allowed for 
the completion of the 28-day test. The cement shall be tested 
in accordance with the methods hereinafter prescribed. The 
28-day test shall be waived only when specifically ordered. 

12. Ejection. — ^The cement may be rejected ft it fails to meet 
any of the requirements of these specifications. 

13. Cement shall not be rejected on account of failure to meet 
the fineness requirement if upon retest after drying at lOO^C. 
for one hour it meets this requirement. 

14. Cement failing to meet the test for soimdness in steam 
may be accepted if it passes a retest using a new sample at any 
time within 28 days thereafter. 

15. Packages varymg more than 5 per cent from the specified 
weight may be rejected; and if the average weight of packages 
in any shipment, as shown by weighing 50 packages taken at 
random, is less than that specified, the entire shipment may be 
rejected. 



PETROLEUM AND RESIDUUMS^ 

A large part of the materials used as dust preventives and 
binders to hold together the mineral constituents of roads are 
obtained from petroleum. Petroleum is a term which covers 
mineral oils of a great variety of characteristics, all alike in being 
composed of a great variety of complex chemical compoimds 
called hydrocarbons, of which there is a very large number. 
The investigation of the properties of these hydrocarbons and 
their derivatives requires a knowledge of organic chemistry which 
few roadbuilders possess, and because some of them have at- 
tempted to tread the veritable mazes of this extremely compli- 
cated domain of chemistry, no little confusion has arisen. The 
main facts regarding petroleum and the other hydrocarbons used 
in roadbuilding are de£Lnitely known, but the details of any group 
of these compoimds are best left for the chemical specialist, who 
is making steady progress in his researches concerning them. 

Paraffin and AsphaUic Oils 

The roadbuilder's interest in petroleum is largely in its base, 
a term used to designate a part of oil left after distilling off the 
more volatile portions. The base is sometimes made up of com- 
pounds of the paraffin group or series, as chemists term such 
allied compounds. Marsh gas is a member of the paraffin series, 
and its least complex representative. A few other members are 
gases but most of them are Uquids or solids, and their number is 
legion. The base of other petroleums is made up of compoimds 
called polycyclic polymethylenes by the chemist, and as these 
compounds occur in native asphalts such a base is called asphaltic. 
The base of other petroleums is made up of both paraffin and 
asphaltic compoimds and such petroleums are called semi- 
asphaltic. 

The gaseous hydrocarbons are of no interest to the roadbuilder. 
The liquid and solid hydrocarbons are what determine the value 
of petroleum for his purposes. The liquid and solid paraffins are 
greasy materials without binding properties, while the asphaltic 
materials are sticky. Consequently the roadbuilding value of 
petroleum depends upon the asphaltic compounds in its base. 

^ Revised by Provost Hubbard, chief of road materials tests and re- 
search, United States Office of Public Roads. 
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Paraffin oils have been used successfully as dust preventives 
when sprinkled in small quantities on a clean road, but if used in 
large quantities they form a greasy, dirty surface and seem to 
lubricate the pieces of stone in the road, which becomes rutted 
rapi(fly. 

Petroleum is obtained from many districts, which are called 
fields in the industry. The leading fields which supply or have 
supplied materials for roadbuilding in the United States are 
discribed substantially as follows by John D. Northrop in Mineral 
Resources of the United States, 1916: 

1. The Appalachian field embraces all oil pools east of central 
Ohio and north of central Alabama, including those of New York, 
Pennsylvania, West Virginia, southeastern Ohio, Kentucky,' 
Tennessee, and northern Alabama. The oils of the Appalachian 
field are in the main of paraffin base, free from asphalt and prac- 
tically free from sulphur, and they yield by ordinary refining 
metliods high percentages of gasoline and illuminating oils — ^the 
products in greatest demand. 

2. The Lima-Indiana field embraces all areas of oil production 
in the northwestern part of Ohio and in Indiana. The petroleum 
of the Lima-Indiana field contains some asphalt, though con- 
sisting chiefly of paraffin hydrocarbons with sulphur compounds. 

3. The Illinois field lies in the southeastern, south-central and 
western parts of the State, comprising about 16 counties. Illinois 
oils contain varying proportions of both asphalt and paraffin 
and differ considerably as to specific gravity and distiUation 
products. Sulphur is generally present. 

For commercial purposes it is customary to group under the 
title ''Mid-Continent field" the areas of oil production in Kansas, 
OUahoma, northern and central Texas, and northern Louisiana. 
Mid-continent oils vary in composition within wide limits, rang- 
ing from asphaltic oils poor in gasoline and illuminants, to oUs 
in which tiie asphalt content is negligible and the paraffin con- 
tent relatively high and which yield correspondingly high per- 
centages of the lighter products on distlQation. Sulphur is pres- 
ent in varying quantities in the lower grade oils. 

5. The term "Gulf field" includes that portion of the gulf 
coastal plain of Texas and Louisiana in which petroleimi is foimd 
in domes, associated with rock salt and gypsum. Oils from the 
Gulf field are characterized by relatively high percentages of 
asphalt and low percentages of the Hghter gravity distillation 
products. Considerable sxilphur is present, much of which, how- 
ever, is in the form of sulphureted hydrogen and is easily removed 
by steam before refining or utilizing the oil as fuel. 

6. The California field is mainly located in Kern, Fresno, 
Orange, Santa Barbara and Los Angeles Coimties. The Cali- 
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fomia oils are generally characterized by much asphalt and little 
or no paraflSn and by small proportions of sulphur. The chief 
products are fuel oils^ lamp oils, lubricants, and oil asphalt. 

Oils from Wyoming and Colorado are in the main of paraffin 
base, suitable for refimng by ordinary methods. Heavy asphaltic 
oils are also obtained in certain of the Wyoming fields. 

7. Mexican field. This extends along the Gulf of Mexico from 
the vicinity of Tampico to the vicinity of Tuxpan, and produces 
asphaltic and semi-asphaltic petroleiun. 

8. Trinidad field. A large amoimt of asphaltic petroleum is 
produced on the island of Trinidad. 

CUfford Richardson gives the fcdlowing explanation of the rela- 
tion between this petroleum and Trinidad asphalt: 

Rising from the sands in which it occurs and coming in contact with the 
colloidal clay forming a portion of the mud existing below the crater or 
depression which holds the asphalt, it is emulsified with it and converted 
into the material which we recognize as Trinidad lake asphalt. 

Refining Petroleum 

Crude asphaltic petroleum has been used as a dust preventive 
and as a binder, but generally the petroleum is refined to obtain 
a number of valuable materials occurring in it. The crude oil 
is first allowed to settle in tanks in which the mineral matter 



Petroleuin Marketed in the United States in 1916 by Fields 
(John D. Northrop, in Minercd Resources of the United States, 1915) 



FULD. 



Appalachian 

Luna-Indiana 

Illinois 

Mid-continent 

Gulf 

California 

Colorado and Wyoming 
Other fields 



QUANTITT (BAB- 

SMLB or 42 QJLL- 

LONB) 



22,860,048 

4,269,591 

19,041,695 

123,295,867 

20,577,103 

86,591,535 

4,454,000 

14,265* 



281,104,104 



VALUB 



$35,468,973 

4,114, 228 

18,655,850 

72,437,701 

9,802,901 

36,558,439 

2,400,503 

24,295* 



$179,462,890 



AVBBAOB PBIOa 
PBB BABBBL 



$1,552 
0.964 
0.980 
0.588 
0.476 
0.422 
0.539 
1.703 



$0,638 



* Includes Alaska, Michigan, and Missouri. 

Note : The Barber Asphalt Company reports that the importation of 
crude petroleum from Trmidad has oeen as follows: 1914, 140,438 barrels; 
1915, 330,022 barrels; 1916, 372, uOO barrels. The imports of crude petro- 
leum from Mexico are reported by John D. Northrop as follows: 1914, 
16,245,975; 1915, 17,478,472 barrels. 

A preliminary estimate by J. D. Northrop of the 1916 production in the 
United States is 292,300,000 barrels. 
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DegreeM Baumi, Specific Grcunties, Weights in Pounde per GMan and Volume 

in Gallons per Pound of Petroleum at 60^F, 

(From "United States Standard Tables for Petroleum Oils/' United States 

Bureau of Standards) 



DSaBBBB 


sPKCxnc 


POUNDS PBB 


GALLONB 


DBOBBB0 


BPBCIFIO 


POUNDS PBB 


0AI1.0N8 


BAUlCi 


ORAVITT 


GALLON 


PBB POUND 


baumA 


GBAVITT 


GALLON 


PBB POUND 


10.0 


1.0000 


8.328 


0.1201 


19.6 


0.9358 


7.793 


0.1283 


10.2 


0.9986 


8.317 


0.1202 


19.8 


0.9346 


7.783 


0.1286 


10.4 


0.9972 


8.305 


0.1204 


20.0 


0.9333 


7.772 


0.1287 


10.6 


0.9957 


8.293 


0.1206 


20.2 


0.9321 


7.762 


0.1288 


10.8 


0.9943 


8.281 


0.1208 


20.4 


0.9309 


7.752 


0.1290 


11.0 


0.9929 


8.269 


0.1209 


20.6 


0.9296 


7.742 


0.1292 


11.2 


0.9915 


8.258 


0.1211 


20.8 


0.9284 


7.731 


0.1293 


11.4 


0.9901 


8.246 


0.1213 


21.0 


0.9272 


7.721 


0.1295 


11.6 


0.9887 


8.234 


0.1214 


21.2 


0.9259 


7.711 


0.1297 


11.8 


0.9873 


8.223 


0.1216 


21.4 


0.9247 


7.701 


0.1299 


12.0 


0.9859 


8.211 


0.1218 


21.6 


0.9235 


7.690 


0.1300 


12.2 


0.9845 


8.199 


0.1220 


21.8 


0.9223 


7.680 


0.1302 


12.4 


0.9831 


8.188 


0.1221 


22.0 


0.9211 


7.670 


0.1304 


12.6 


0.9818 


8.176 


0.1223 


22.2 


0.9198 


7.660 


0.1305 


12.8 


0.9804 


8.165 


0.1225 


22.4 


0.9186 


7.650 


0.1307 


13.0 


0.9790 


8.153 


0.1227 


22.6 


0.9174 


7.640 


0.1309 


13.2 


0.9777 


8.142 


0.1228 


22.8 


0.9162 


7.630 


0.1311 


13.4 


0.9763 


8.131 


0.1230 


23.0 


0.9150 


7.620 


0.1313 


13.6 


0.9749 


8.119 


0.1232 


23.2 


0.9138 


7.610 


0.1314 


13.8 


0.9736 


8.108 


0.1233 


23.4 


0.9126 


7.600 


0.1316 


14.0 


0.9722 


8.096 


0.1235 


23.6 


0.9115 


7.590 


0.1318 


14.2 


0.9709 


8.086 


0.1237 


23.8 


0.9103 


7.580 


0.1319 


14.4 


0.9695 


8.074 


0.1239 


24.0 


0.9091 


7.570 


0.1321 


14.6 


0.9682 


8.063 


0.1240 


24.2 


0.9079 


7.561 


0.1323 


14.8 


0.9669 


8.052 


0.1242 


24.4 


0.9067 


7.551 


0.1324 


15.0 


0.9655 


8.041 


0.1244 


24.6 


0.9056 


7.541 


0.1326 


15.2 


0.9642 


8.030 


0.1245 


24.8 


0.9044 


7.531 


0.1328 


15.4 


0.9629 


8.019 


0.1247 


25.0 


0.9032 


7.522 


0.1330 


15.6 


0.9615 


8.007 


0.1249 


25.2 


0.9021 


7.512 


0.1331 


15.8 


0.9602 


7.997 


0.1250 


25.4 


0.9009 


7.502 


0.1333 


16.0 


0.9589 


7.986 


0.1252 


25.6 


0.8997 


7.493 


0.1335 


16.2 


0.9576 


7.975 


0.1254 


25.8 


0.8986 


7.483 


0.1336 


16.4 


0.9563 


7.964 


0.1256 


26.0 


0.8974 


7.473 


0.1338 


16.6 


0.9550 


7.953 


0.1257 


26.2 


0.8963 


7.464 


0.1340 


16.8 


0.9537 


7.942 


0.1259 


26.4 


0.8951 


7.454 


0.1342 


17.0 


0.9524 


7.931 


0.1261 


26.6 


0.8940 


7.445 


0.1343 


17.2 


0.9511 


7.921 


0.1262 


26.8 


0.8929 


7.435 


0.1345 


17.4 


0.9498 


7.910 


0.1264 


27.0 


0.8917 


7.425 


0.1347 


17.6 


0.9485 


7.899 


0.1266 


27.2 


0.8906 


7.416 


0.1348 


17.8 


0.9472 


7.888 


0.1268 


27.4 


0.8895 


7.407 


0.1350 


18.0 


0.9459 


7.877 


0.1270 


27.6 


0.8883 


7.397 


0.1352 


18.2 


0.9447 


7.867 


0.1271 


27.8 


0.8872 


7.388 


0.1354 


18.4 


0.9434 


7.856 


0.1273 


28.0 


0.8861 


7.378 


0.1355 


18.6 


0.9421 


7.846 


0.1275 


28.2 


0.8850 


7.369 


0.1357 


18.8 


0.9409 


7.835 


0.1276 


28.4 


0.8838 


7.360 


0.1359 


19.0 


0.9396 


7.825 


0.1278 


28.6 


0.8827 


7.351 


0.1360 


19.2 


0.9383 


7.814 


0.1280 


28.8 


0.8816 


7.341 


0.1362 


19.4 


0.9371 


7.804 


0.1281 


29.0 


0.8805 


7.332 


0.1364 



Note : Tables for oils of greater specific gravity than 1.000 and of the 
comparative volumes of oils at 60^ and other temperatures are given on 
pages 129 and 131. 
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and water are separated from the oil. The latter is drawn off 
into cylindrical stills set horizontally in brickwork like boilers. 
Tliere is a furnace below the still, and the latter contains steam 
coils and sometimes steam jets at the bottom of the stills. The 
heating by means of the furnace and the steam coils and jets 
should be conducted very carefully, if the final products are to 
be used for road work, and careless heating has resulted in very 
undesirable materials being sold for hi^way purposes. The 
vapors from the stills are removed to condensers and liquefied. 

The distillate that is obtained until the temperature reaches 
about 300°F. and the specific gravity of the product is about 0.73 
is refined to furnish gasoline and naphtha. While the tempera- 
ture is increased from 300° to 575°F., the specific gravity of the 
distillate increases to about 0.82, and the oil produced during 
this stage is treated to supply kerosene. If it is desirable to pro- 
duce as much kerosene as possible the furnace is heated and the 
sides of the still kept as cool as possible, so that some of the 
heavy vapor driven off in the bottom of the stiU will condense 
in the top and fall back into the much hotter material at the 
bottom, "cracking" these heavy vapors into Ughter compounds. 
One result of such cracking is often the Uberation of free carbon, 
which settles into the material in the bottom of the still. As- 
phaltic oils can be cracked at a lower temperature than paraffin 
oils. 

If road oils for surface treatment are desired, the distiUing 
process is stopped after the Ught distillates are driven off. The 
thick oil left in the still is called the residuum, and some people 
look upon it as a by-product and the name "residuum" as having 
a somewhat derogatory signification. As a matter of fact the 
residuum obtained in distilling some petroleums is by far the most 
important product obtained from them. Some Califomian and 
Mexican oils contain such a large amoimt of asphaltic compoimds 
and so little light oils that by stopping the refining process when 
the residuum has the consistency desired for some classes of 
paving materials, it is unnecessary to add any other bitumen to 
fit it for use. 

In the patented Trumbull process, the oil is heated and then 
allowed to fiow down the inner surface of a large vertical heated 
cylinder. The vapors are drawn from the top of the cylinder 
and the asphaltic residuum is collected at the bottom. The 
temperatures used and the rate at which the crude oil is fed to 
the top of the cylinder fix the consistency of the residuum. 

One of the earUest attempts to improve the process of refining 
petroleum so as to jdeld the maximum quantity of products usefid 
for paving was made by Dubbs. By adding sulphur to the 
residuum while it was at a high temperature he produced mate- 
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rials which have been widely used as fluxes. About the same 
time Byerly foimd that by blowing air through the heated re- 
siduum asphaltic products were obtained, the oxygen performing 
the same fimction as the sulphur used in the Dubbs process. 
Some of these blown-oil products have been used as fluxes and 
others have been used for a great variety of purposes. Some 
asphaltic oils furnish a residuum which does not require blowing 
to obtain road material but this treatment is generally employed 
with semi-asphaltic oils when such a product is desired. Appar- 
ently the hydrocarbons of the paraffin series are little affected by 
the blowing process, which affects compounds of otiier series. 

Meanirig of Analyses. — ^The characteristics of the residuums 
from various oils are given in the accompanying table. The fol- 
lowing notes explain the significance of the information in the 
table, and are abridged from Provost Hubbard's Dust Preventives 
and Road Binders. 

Specific Gravity.— The mark "25726*'C." indicates that the 
det^mination was made at 25^0. (77°F.) and the result expressed 
in comparison with water at the same temperature. Tlie test 
is mainly useful in identifying the material, but also gives a roug^ 
indication of the amount of heavy hydrocarbons which give 
body to the material. Material having a specific gravity exceed- 
ing 0.93 or 0.94 should be heated before use. 

Plash Point. — ^This test is of value as differentiating between 
the heavy crude oils and cut-back^ products, and the fluid re- 
siduums. It also shows the point to which a refined oil has been 
distilled and whether it is advisable to heat the material before 
application. 

Loss at 160®C. — ^The loss in weight is an indication of the rela- 
tive losses by volatilization of different road oils in actual service. 
It is an empirical test, like the rattier test for paving bricks. The 
residue should be sticky. If it is desirable for the material to 
maintain its consistency after application, it should show a low 
loss. If the material is applied by a method which requires more 
or less fluidity, a high loss is permissible, in order that the mate- 
rial may rapidly attain the desired consistency in the road, 
although a high loss is not necessary in the case of dust preven- 
tives. The loss is now usually determined at 163^0. 

Loss at 205®C. — ^The purpose of this test is to show the effect 
of a hi^ temperature as compared with 160^ or 163^. It is not 
often made. 

Bitumen Soluble in CS2. — ^The solubility of the bitumen itself 
is independent of its character and consistency, so the amount 
and character of insoluble material is of most interest. 

^ A cut-back product is one made by fluxing a dense asphalt with a 
light oil. 
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Inorganic Matter. — ^This indicates in some cases the nature of 
the dense bitumen. 

Insoluble Organic Matter. — ^This affords an indication of 
whether oil has been distilled destructively. 

Bitumen Insoluble in SS^'B. Naphtha. — ^The hydrocarbons in- 
soluble in paraffin naphtha are termed ^^asphaltenes" and those 
which are soluble "malthenes." The former tend to give body 
and consistency and the latter contribute adhesive properties to 
a rT)ad material. Blown oils contain very high amoimts of insol- 
uble hydrocarbons, sometimes as much as 25 to 30 per cent. The 
character of the bitumen dissolved in naphtha, after the solvent 
has evaporated, is instructive, for a sticky residue indicates better 
road bmlding qualities m the original material than that which 
is greasy. 

Soluble Bitumen Removed by HsSO^ and Saturated Hydro- 
carbons in Total Bitumen. — ^These tests are mainly of value as 
indicating the source of the material imder examination. Clifford 
Bichardson gives the following explanation of the significance of 
the tests in The Modem AspMU Pavement: 

Hydrocarbons in general are divided into those which are saturated 
and those which are unsaturated, the former being stable and the latter 
reactive and very susceptible to change, combining with or being con- 
verted into other hydrocarbons by the action of sulphuric acid and other 
reagents. The saturated can be separated from the unsaturated hydro- 
carbons by strong sulphuric acid, and this will be found to be a very impor- 
tant means of differentiating the oils and the solid bitumens among them- 
selves, bv determining the relative proportions of these two classes of 
hydrocarbons which they contain. 

Solid Paraffin. — ^This test confirms the information obtained 
from an inspection of the residue after the test of the loss at 
160*^0. The heavy liquid hydrocarbons of the paraffin series are 
probably more detrimental in road oils than are the soUd paraffins. 

Fixed Carbon. — ^Fixed carbon is the coke resulting from the 
ignition of the bitimien in the absence of oxygen. 

Fluooes 

Fluxes are petroleirai products which are mixed with harder 
bituminous materials to soften them to any desired consistency. 
Petroleum with a paraffin base furnished the first flux used in 
the asphalt paving industry. 

Asphaltic or semi-asphaltic flux is the residuimi left on distillmg 
petroleum having an asphaltic or semi-asphaltic base to a point 
where the residuum is a dense liquid when cool but any further 
distillation will produce a solid residuum when cold. It is char- 
acterized by a relatively low amoimt of saturated hydrocarbons. 
While it resembles natural maltha in some respects, it dilffers in 
remaining soft after heating to 400^F., most malthas becoming 
hard pitches after such treatment. 



ASPHALT AND NATIVE SOLID BITUMENS^ 

The following definition of "asphalt" has been adopted by the 
American Society for Testing Materials: 

Solid or semi-solid native bitumens, solid or semi-solid* bitumens 
obtained by refining petroleum, or solid or semi-solid bitumens which are 
combinations of the bitumens mentioned with petrolemns or derivatiyes 
thereof, which melt upon the application of heat and which consist of a 
mixture of hydrocarbons and tneir derivatives of complex structure, 
largely cyclic and bridge compounds. 

. This definition is dependent upon the same society's definition 
of "bitmnens," which is: 

Mixtures of native or pyrogenous h^rdrocarbons and their non-metallic 
derivatives, which may be gases, liquids, viscous liquids, or solids, and 
which are soluble in carbon disulphide. 

These definitions were prepared after nmnerous conferences of 
road engineers and producers of materials, and while adopted by 
the society are not accepted by all specialists. 

The following definitions are given by Clifford Richardson in 
The Modem Asphalt Pavement: 

Native bitxmiens consist of a mixture of native hydrocarbons and their 
derivatives, which may be gaseous, liquid, a viscous liquid or solid, but, 
if solid, melting more or less readilv on the application of heat, and solu- 
ble in turpentine, chloroform, bisulphide of carbon, similar solvents, and 
in the malthas or heavy asphaltic oils. Natural ^as, petroleum, maltha, 
asphalt, grahamite, gilsonite, ozocerite, etc., are bitumens. Coal, lignite, 
wurtzelite, albertite, so-called indurated asphalts, are not bitumens, be- 
cause they are not soluble to any extent in the u^ual solvents for bitumen, 
nor do they melt at comparatively low temperatures nor dissolve in heavy 
asphaltic oils. These substances, however, on destructive distillation 

^ Revised by Provost Hubbard, chief of road materials tests and re- 
search, United States Office of Public Roads. 

* Solid bituminous materials are those having a penetration at 25 "C. 
(77®F.) under a load of 100 grams applied for five seconds, of not more than 
10. The significance of ''penetration'' is explained on page 121. 

Semi-solid bituminous materials are those having a penetration at 25*^0. 
(77® F.) under a load of 100 grams applied for five seconds, of more than 
10 And a penetration under a load of 50 grams applied for 1 second of not 
more than 350. 

Liquid bituminous materials are those having a penetration at 25°C. 
(77® F\,) under a load of 50 grams applied for one second or more than 
850. 
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give rise to products which are similar to natural bitumens, and they have 
been on this account defined by T. Sterry Hunt as "pyro-bitumens," 
which differentiates them very plainly from the true bitumens." 

Asphalt is a term used industrially to cover all the solid native bitu- 
mens used in the paving industry and specifically to include only such as 
melt on the application of heat, at about the temperature of boiling water, 
are equally soluble in carbon oisulphide and carbon tetrachloride and to 
a large extent in 88® naphtha, those hydrocarbons soluble in naphtha 
consisting to a very considerable degree of saturated hydrocarbons, yield- 
ins about 15 per cent of fixed carbon and containing a high percentage of 
sujphur. Under this definition it can be seen that grahamite is not an 
aspnalt, since it is not largely soluble in naphtha and yields a very high 
percentage of fixed carbon on ig^iition. It is also less soluble in carbon 
tetrachloride than in carbon bisulphide. Gilsonite is not an asphalt, 
since the saturated hydrocarbons contained in the naphtha solution are 
very small in amount and quite different in character from those found 
in asphalt. 

Roadbuilders use the ter^i "natural asphalts" to designate 
the native soUd or semi-solid asphalts, and "oil asphalts" to desig- 
nate the corresponding materials prepared from petroleum or 
msdtha. Some producers of oil asphalts object to the term on 
the ground that the material obtained by distilling away the 
Ughter parts of asphaltic petroleum is as "natural" as that 
obtained by refining native asphalts. By "rock asphalt" is 
meant sandstone and limestone impregnated with asphtdt or 
maltha. "Asphaltic sands" are mixtures of asphalt or maltha 
and sand, the latter in loose grains which fall apart when the 
bitumen is extracted; many of them are called rock asphalts 
because in their natural condition the maltha cements them into 
a rock-like mass. 

The sources of the asphalts used in the United States are given 
in the accompanying table. The quantities of materials there 
stated were not all used for road and street purposes, as there are 
many other uses to which some of them are put* 

Trinidad Asphalt, — ^Trinidad asphalt comes from the island of 
that name. Tne main source is on La Brea Point, about 28 miles 
from Port of Spain, the chief town. Here there is a circular pitcb 
lake of nearly 115 acres extent, between which and the sea are 
other pitch deposits more or less mixed with sand. The former 
furnishes the "lake asphalt" and the latter the "land asphalt" 
of the paving mdustry. 

The material in the lake is described by Clifford Richardson 
as an emulsion of water, gas, bitumen, fine sand and clay. It is 
in constant motion owing to the evolution of gas, and for this 
reason, whenever a hole is dug in the surface, whether deep or 
shaUow, it rapidly fills up and the surface resumes its original 
level after a short time. Although soft it can be readily flaked 
out with picks in large conchoidal masses weighing 50 to 75 



ASPHAI/r AND NATIVE SOLID BITUMENS 



119 



pounds. It is honey-combed vnth gas cavities and resembles a 
Smas cheese in structm'e. It is of miiform composition, as 
follows: Water and gas volatilized at lOO^'C, 29 per cent; bitumen 
soluble in cold carbon disnlphide, 39 per cent; bitmnen absorbed 

American Production and Importation of AsphaUic Materials, 1915 

(Compiled from report bv John D. Northrop in Mineral Resources of the 

United States, 1915. Output stated in tons of 2000 pounds, except 

in case of imports, which are in tons of 22^ pounds) 



American bituminous rock 

Wurtzelite (elaterite), gilsonite 
Grahamite 

Total American natural bitu- 
minous material 



American road oils and fluxes. 
American oil asphalts and 
pitches 



Total American road oils, as- 
phalts, etc 

Mexican road oils and fluxes* 
Mexican oil asphalts and 
pitches* 



Total Mexican road oils, as- 
phalts, etc* 

Inoports of asphalt 

•fi-inidadt 

Bermudez 

Cuba 

Barbados 

Mexico 

Switzerland 

Italy 

France 

England 

Germany 



1915 



Tons 



44,329 
20,559 
10,863 



75,761 
417,859 
246,644 



664,503 
174,854 
213,464 



388,318 



192,107 

28,659 

391 

64 

56 

200 

492 



774 
658 



ValuA 



$157,083 

275,252 

94,155 



526,490 
2,392,576 
2,323,007 



4,715,583 
1,325,201 
2,405,235 



3,730,436 



498,900 
144,595 
9,243 
6,426 
755 
1,637 
3,438 



9,801 
4,854 



1014 



Tons 



51,071 

19,148 

9,669 



79,888 
171,447 
189,408 



360,855t 

111,058 

202,729 



313,787 



61,708 

58,755 

458 

71 

140 

620 

247 

100 

628 

1,354 



Valus 



$162,622 

405,966 

73,535 



642,123 



3,016,969 



4,131,153 



334,635 

295,766 

11,407 

6,592 

2,048 

3,706 

1,477 

1,317 

6,269 

10,856 



* Refined in the United States from imported Mexican petroleum, 
t There are discrepancies in the figures m the report. 

by mineral matter, 0.3 per cent; mineral matter, 27.2 per cent; 
water of hydration in clay and silicates, 4.3 per cent. 

Trinidad land asphalt reached the places where it is found 
either by overflowing from the lake or by intrusion into the soil 
from the same subterranean source that supplies the lake asphalt. 



120 



AMBRICAN HIGHWAY ASSOCIATION 



Its character is much affected by the effect of the weathering to 
which it has been subjected. Clifford Richardson states that 
refined land asphalt of good quality differs from the lake supply 
by its higher specific gravity due to the larger amoimt of mineral 
matter it contains, by a higher softening or melting point, and 
a somewhat lower percentage of bitumen and, in consequence of 
these facts, a much greater hardness at all temperatures. Land 
asphalt requires much more paraffin flux than lake asphalt, and 
asphaltic oil fluxes offer certain advantages over paraffin fluxes 
for use with land asphalt. 

Composition of Refined Trinidad and Bermudez AsphcdU 

(Clifford Richardson) 



Specific gravity at 77*^. (25^0.) 

Streak 

Lustre 

Structure 

Fracture 



Hardness 

Melts 

Penetration at 77*»F.(25'»C.) 

Loss at 325^F. (163°C.), 7 hours 

Character of residue 

Loss at 400**F. (205*'C. ) 7 hours 

Character of residue 

Bitumen soluble in CSj 

Bitumen retained by mineral matter 

Mineral matter 

Water of hydration 

Vegetable matter 

Bitiunen soluble in 88® naphtha 

Percentage of total bitiunen which above is 

Soluble bitumen removed by H2SO4 

Saturated hydrocarbons in total bitumen. . 

Pure bitumen soluble in C CI4 

Fixed carbon 



TRINIDAD 



1.40 
Blue black 
Dull 
Homogeneous 
Semi-con- 
choidal 
2 
235**F.(113**C.) 
4 

1.1% 
Smooth 

4.0% 

Blistered 

56.6% 

0.3% 

38.6% 
4.2% 




BSBMUDBZ 



1.08 

Black 

Bright 

Uniform 

Semi-con- 

choidal 

Soft 

183®F.(84*^C.) 

20 

3% 

Smooth 

8.2% 

Wrinkled 

94.4% 

3;6%**" 

2.0% '" 

62.2% 
66.4% 
62.4% 
24.4% 
99.6% 
13.4% 



Bermudez Asphalt. — ^Bermudez asphalt comes from a pitch lake 
in Venezuela about 30 miles from the coast in an air line. The 
lake is about 1^ miles long, 1 mile wide, of irregular shape and 
covers about 900 acres. It is covered with a crust from a few 
inches to 2 feet thick, having some grass and shrubs, with a few 
palms, and the pitch is visible on the surface in but few places. 
It is very wet, so that excavations fill with water and it is diffi- 
cult to excavate the pitch, which has an average depth of 4 feet. 
The deposit is probably formed by the exudation of a large quan- 
tity of soft maltha. The asphalt from the lake varies greatly in 
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the amount of water it contams, which fluctuates between 11 
and 46 per cent. This water is not emulsified with the bitumen 
but is adventitious surface water. The material for industrial 
use is selected, and when refined has the composition given in 
the accompanying table, which also gives the composition of refined 
Trinidad asphalt. 

Meaning of Analyses. — ^The significance of most of the terms 
used in this table are explained in the section on Petroleum. The 
new terms are the following: 

Streak is the color of a rubbed or scratched surface. 

Hardness is stated in terms of Mohr's scale, in which 1 is the 
hardness of talc, 2 that of rock salt, 3 that of calcite, 4 that of 
fluorite, etc. When a bitumen is softer than I on this scale its 
hardness is stated by its behavior in a penetration test, explained 
below. 

Melting point is determined by an arbitrary test, because 
bituminous materials are made up of a mixture of hydrocarbons 
and their derivatives and can not have a true melting point, such 
as a definite compoimd possesses. 

Penetration is determined by the distance that a needle of 
specified size loaded with a specified weight will penetrate into a 
sample of the material in a specified time. Usually a No. 2 
needle loaded so that the total weight is 100 grams and a time 
period of 5 seconds is employed, but a 50-gram weight and a 
Insecond time period are used with liquid bitumens. Provost 
Hubbard makes the following statement regarding this test: 

The penetration test is a convenient one to employ for identification 
and control, and is often indicative of the value of an oil or asphalt product 
for construction work. While the test for bituminous road materials is 
made in the same manner as in asphalt paving work, the standards for 
road purposes are somewhat different. No oil product should be employed 
in macadam construction with a penetration higher than 25 mm. when 
tested at 25®C. with a No. 2 needle for five seconds under a weight of 100 
grams, unless it possesses the property of hardening considerably when 
subjected to the volatilization test. On the other hand, it is rarely neces- 
sary to require a penetration as high as that for asphaltic cement used in 
the topping of an asphalt pavement, for the reason that the upper course 
of a macadam road has much greater inherent stability than the sand 
course of the asphalt pavement. A penetration of from 10 to 16 mm. is 
usually considered sufficient for road work. If a material having a much 
lower penetration is selected, its susceptibility to temperature changes 
will have to be considered. 

Organic matter insoluble is a term of uncertain significance 
which has been explained by Clifford Richardson as foUows: 

On adding together the percentages of bitumen soluble in carbon disul- 
phide and of inorganic matter obtained on ignition, the sum will seldom 
amount to 100.0. The difference has been considered for many years as 
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organic matter not bitumen (insoluble). This ma^ be true in exceptional 
cases, but recent investigations have shown that it is not at all so in many 
bitumens. For example, in Trinidad asphalt it has been found to consist 
of the water of combmation of the clay which the material contains and 
some inorganic salts which are volatilized on ignition. The amount of 
organic matter is extremely small. In other cases, it may consist to a 
considerable extent of grass and twigs, as in the seepages which have run 
out over sod. On the whole, therefore, it seems desirable not to describe 
it by any definite name, but merely as an undetermined difference. 

Pure bitumen soluble in CCI4 (carbon tetrachloride) is not 
usually determined unless a road oil has been badly cracked or a 
solid bitumen like grahamite has been added, so that the per- 
centage of hydrocarbons insoluble in 88^ naphtha is high. Hie 
bitumens insoluble in carbon tetrachloride but soluble in carbon 
bisulphide are called ^'carbenes." 

Other Asphalts. — ^Maracaibo asphalt is foimd on the limon 
Biver about 50 miles west of Maracaibo, Venezuela. . According 
to Clifford Richardson it is an exudation from maltha springs. 
When carefully refined it contains from 92 to 97 per cent of 
bitumen soft enough to be indented by the finger nail. It con- 
tains a very small percentage of malthenes and has a higher soften- 
ing point tiian either Trinidad or Bermudez asphalt. 

Cuban asphalts are found in small quantities in many places 
on the island and what little use of them is made in the United 
States is mainly for varnishes. A deposit 18 miles from Havana 
has furnished material used in street pavements. 

Asphaltic materials are found in many places in Mexico, and 
some of them have been developed more or less. What is usually 
known among roadbuilders as Mexican asphalt is prepared from 
the malthas and petroleums obtained mainly from the Tampico 
and Tuxpan district. 

Natural asphalt has been obtained in Califomia at several 
places, but the most noted deposits are no longer worked. 

Refilling natural asphalt consists merely in driving off the 
water it contains by heating the material to about 325^F. in 
large tanks containing coils of pipes through which steam is 
passed. In the bottom of the tanks are steam jets which agitate 
the asphalt. The vegetable impurities, if any, are skimmed from 
the top. The refined asphalt is drawn off while it is Uquid into 
barrels for shipment. When it is to be used, it is melted with a 
residuum fiux. 

Solid Bitumens not Asphalts. — Gilsonite is a hard, brittle bitu- 
men with a reddish brown streak and a conchoidal fracture, 
obtained mainly from Utah and Colorado. It is sold in two 
grades, gilsonite selects and gilsonite seconds, the former being 
the more pure. GUsonite from different mines varies consider- 
ably, and some of it is of little value for use in paving mixtures. 
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Grahamite is a hard, brittle bitumen with a black streak, 
otherwise resembling gflsonite in appearance. Its softening 
point is very high and not yet defbiitely determined. It is 
obtained mainly from Oklahoma. 

Properties of Gihonite and Grahamite 
(Clifford Richardson, The Modern Asphalt Pavement) 



Specific gravity, 78778**F. . . . 

Streak 

Lustre. 

Fracture 

Hardness 

Softens 

Flows 

Loss, 326*F., 7 hours 

Loss, 400**F., 7 hours 

Bitumen soluble in CSs 

Insoluble organic matter 

Mineral matter 

Bitumen soluble 88° naphtha 

Soluble bitumen removed by 
H,SO|... 

Total bitumen as saturated 
hydrocarbons 

Bitumen soluble in 62 ** naph- 
tha 

Bitumen insoluble in CCI4 . . 

Fixed carbon 



GOLSONm 



QBABAMITa 



1.044 


1.049 


1.171 


Brown 


Brown 


Black 


Lustrous 


Lustrous 


Dull 


Sub-con- 


Sub-con- 


Hackly 


choidal 


ohoidal 




2 


2 


Brittle 


260**F. 


300**F. 


Intumesces 


276°F. 


325°F. 


Intumesces 


0.9% 


2.3% 


0.1% 
0.6% 


1.2% 


4.0% 


99.0% 


99.9% 


94.1% 


0.0% 


0.0% 


0.2% 

6.7% 


0.0% 


0.1% 


47.2% 


15.9% 


0.4% 


87.7% 


71.8% 


26.0% 


6.9% 


4.6% 


0.32% 


67.4% 


30.3% 


0.7% 


0.0% 


0.4% 


68.7% 


13.0% 


13.4% 


63.3% 



Manjak resembles grahamite and is obtained from Barbadoes 
and South America. Its lack of imiformity and its high price have 
prevented any large use of it for American pavements, although 
it is used successfiSly in preparing other materials. 

Fluxing Solid Bitumens. — Paving materials are made from solid 
bitmnens by fluxing them with petroleum residumns by two 
methods. In the firat method the residuirai is heated to above 
the temperature at which the soUd bitumen melts and the latter 
is then added. Grahamite does not melt but intumesces and the 
residuum to flux it must be raised to an exceptionally high tem- 
perature. The mixture is agitated until the bitumen is all 
melted and the combined material is of uniform quaUty. 

In the second method, the residuum is heated to about 350*^F. 
and air is then blown through it for six to forty hours, depending 
upon the quahty of the old and the properties desired in the fin- 
ished product. As soon as it reaches the proper consistency the 
blowing is stopped and enough soUd bitumen mixed with it to 
give a paving material having the required properties. 



ASPHALTIC MATERIALS FOR ROAD& 

The selection of bituminous materials for road purposes should 
be based upon the local climatic conditions, the volimie and 
character of the traffic, the character of the stone to be used, 
and the t3npe of road to be constructed or maintaLned. Such 
conditions manifestly call for expert advice. The requirements 
of several state highway departments are given here merely as 
indicating the way in which specialists have met the needis of 
their respective localities.^ 

Some of the requirements for road oils can be met by a few 
crude asphaltic petroleums. Provost Hubbard gives the accom- 
panying analysis of a crude California petroleum of this char- 
acter. This oil contained a small amoimt of water, and care in 
heating it would be necessary to prevent foaming. Hubbard 
says that ''this oil is capable of increasing greatly in consistency 
after application and would serve as an excellent binding medium." 

* Revised by Provost Hubbard, chief of road materials tests and re- 
search, Unitea States OflSce of Puolic Roads. 

' Among the engineers to whom this chapter was submitted was F. H. 
Jo3mer, Road Commissioner of Los Angeles County, Calif omiai who pre- 
pared the following comment, which illustrates forcibly the necessity of 
the services of a specialist in extensive road improvements: 

"From a study of the notes you submitted made by m}r assistants and 
myself, and from reports of the chemist and chief road oiler, we reached 
the decision that our study and conclusions on what we call road oils are 
of value only here in California, where we use only the native oils. While 
there is much in the notes that would not be applicable to our California 
oils or asphalts, I do not believe it would be necessary or proper to propose 
any changes in the notes.'' 

The following statement by W. Arthur Brown, chemist of the Los 
Angeles county road department, explains the views mentioned by Mr. 
Joyner : 

'^The desirable constituent of a first-class road is asphalt. The asphalt 
carpet coat demands an oil that contains the highest grade of asphalt. It 
also demands that this asphalt be thin enough to spread well. It should 
enter all the interstices of the road surface. When tne lifter constituents 
of the oil have served their purpose, namely, that of carrier and distribu- 
tor, they are no longer needed, in fact, they are not needed except, possi- 
bly, in very small amount. They should then be of such a nature that they 
wili volatilize readily. We do not wish a possible volatile constituent that 
is solid or nearly so in cold weather but thin and acting as a fluxing agent 
in hot weather. 

The specification of the Los Aneeles county highway department is a 
departure from, and simpler than, the older ones requiring fixed carbon, 
asphaltene, viscosity, float test, loss on heating during a certain number 
of nours at a specified temperature, ductility test, etc. This specification 
requires that tne oil be reduced on the Brown evaporator in a specified 
time. This test determines the percentage of as^uialt and insures th« 
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Crude Califamia Petroleum Adapted for Road Work 
(From Provost Hubbard's Dtat Preventives and Road Binders) 

Character Black, viscous, sticky. 

Specific gravity 25725^*0 0.684 

Flash point, degrees C 160.0 

Loss at 100 C, 7 hours, per cent 5.26 

Character of residue More viscous than crude 

Loss at 163**C., 7 hours, per cent 16.4 

Character of residue Sticky, very viscous 

Loss at 205**C., 7 hours, per cent 30.0 

Character of residue Solid, not brittle 

Soluble in CSi, per cent 99.77 

Organic matter insoluble, per cent 0. 12 

Inorganic matter, per cent 0. 11 

Bitumen insoluble iki 86^ naphtha, per cent 9.8 

Fixed carbon, per cent 2.05 

Viscosity, mentioned in this table, is explained by Provost 
Hubbard as follows: 

If it is desired to apply a road binder at a given temperature, as for 
instance when it is to be heated by means of steamy determination of its 
viscosity at that temperature is often of value. The test also serves as 
a means of identification. When a viscous material is to be cut with one 
of lower viscosity in order to bring it to a proper consistency for applica- 
tion, the actual viscositv of the mixture should be ascertained and not 
calculated from that of the two constituents for the reason that this prop- 
erty is not additive. 

In reporting the results of the test, the temperature of the 
material, the quantity used in testing, and the time in seconds 
taken by the materisJ in flowing through a short tube of standard 
dimensions in what is called an Engler viscosimeter, are recorded. 
Ihe longer the period of time taken by the material in flowing 
through the tube, the greater its viscosity. 

The float test is employed in determining the relative con- 
sistency of very viscous materials. The results are reported in 
seconds of time that a float containing the material tmder test 
will remain floating in water at a stated temperature. It is con- 
sidered a very useful test in controlling the preparation of road 

volatile oil being ot such a nature that it will leave the oil when once it is 
applied on the road. The percentage of asphalt is also much nearer the 
actual in the oil than by the methods of heating in an oven at a lower 
tepaperature. These specifications also rec[uire a stickiness test. This 
sticKiness test, made on the Brown adhesivemeter, when interpreted in 
accordance with the entire specifications, especially with the time to reduce 
to asphalt, determine whether the oil has sufficient binding properties to 
hold the particles from displacement from each other and from the base. 
The sticluness and loss are standardized against road oils found on the 
market throughout California. The results of the tests have been carefully 
compared with actual service results, which are in accord with laboratory 
results in every case so far known." 
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oils from given materials, for by contintdng the heating imtil 
the residue gives a predetermined result in the float test, a \mi- 
form product will be obtained. 

The ductiUty test shows the distance in centimeters that a 
briquette of the material will stretch before breaking, when 
pulled at the rate of 5 centimeters per minute. The briquette 
is 1 cm. square at the smallest section and has a crossHsection 
of 2 square bm. at the clips, which are 3 cm. apart. 

State Requirements for Asphcdtic Materials for Penetration Roads 



Specific ^avity, 26725*'C 

Flash point, degrees C, min — 
Ductility at 25^0., centimeters, 

min 

Penetration, 100 gr., 5 sec, 

25**C., mm., min 

Loss at 163^0., 5 hrs., per cent, 

max 

Character of residue 

Bitumen soluble in CSi, per 

cent, min 

Pure bitumen products 

Bermudez proaucts 

Cuban products 

Trinidad products 

Solubility in 86° naphtha, per 

cent 

Solubility in CCI4, per cent 

Fixed carbon, per cent 



1LLIM018 



Qntde A 



1.000+ 
163 

50 

6-12* 

6 
Smooth 



99.5 
95.0 
80.0 
65.0 

72-85 



Grade B 



0.97-1.00 
200 

15 

5-8 

2 
Smoothf 

99.5 



8-16 



72-80 

99.4+ 

7-14 



OHIO 



Grade 
A-1 



0.97+ 
180 

30 

9-16t 

5 
§ 



99.5 
95.0 
81.0 
66.0 

7J^-85 

98.9+ 

8-16 



NKW 
YORK 



Grade 
A 



0.97+ 
190 

40 

14-19 

5 
§ 



99.5 
96.0 
81.0 
66.0 

70-88A 






45 
9-15 



99.0 



98.5 



* 8-12 for material with 90 per cent total bitumen, 7-10 for material 
with 80 per cent to 90 per cent bitumen and 5-8 for Trinidad material 
having less than 80 per cent bitumen. 

t Penetration of residue at least 60 per cent of that of the original 
material. 

t 9-12 for pure bitumen products, 12-16 for fluxed native asphalts. 

§ Penetration of residue at least half that of original material. 

A In 76** naphtha. 

Note — Illinois specifies a brittleness test as follows: "A cylindrical 
prisin of the bituminous binder 1 cm. in diameter, after being maintained 
at a temperature of 5''C. (41 ®F.) for 20 minutes, shall bend 180 degrees 
at any point without checking or breaking." New York specifies a tough- 
ness test as follows: "It (the bituminous material) shall snow a toughness 
at 32^F. not less than 15 cm. Toughness is determined by breaking a 
cylinder of the material If inches in diameter by 1} inches in height in a 
Page impact machine. The first drop of the hammer is from a height of 
5 cm. and each succeeding blow is increased by 5 cm." New York also 
specifies a maximum of 4.7 per cent of paraffin. 
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State Requirements for Asphaltic Materials for Surfacing 





xraw 


TOBK 




OHIO 






Grade 
H. 0. 


Grade 
CO. 


Grade 
H. O. 


Grade 
M. 0. 


Grade CO 


Specific gravity, 25725^0 

Flash Point, decrees C 


0.96 

163 

* 

10 


0.93 
52 

t 
30 


0.96 


0.93 


0.91 


Ductility at 20®C., cm 








Loss at 163^*0. , 5 hours, per cent . 
Character of residue 


5 


25 


30 
Sticky 


Bitumen soluble in CSs, per cent. 
Solubility in 86** naphtha, per 
cent 


99.5 

75.90t 

6-14 

4.7 


99.5 

8(>-95t 
10 
4.0 


99.5 

80-94 
6 


99.5 

85-97 
3.5 


99.5 
90-98 


Fixed carbon, per cent 


8 


pAraffin RP.fi.lA. nftr p.Ant 


( 











* The residue after evaporation to 10 mm. penetration at a tempera- 
ture not exceeding 500°F., must amount to 85 to 95 per cent of the original 
volume and have a ductility of at least 25 cm. 

t In 76** naphtha. 

t The residue after evaporation to 10 mm. penetration at a temperature 
not exceeding 500**F. must amount to 50 to 65 per cent of the original 
volume and have a ductility of at least 25 cm. 

Note — New York specifies the following toughness test: Grade H. O. 
shall show a toughness at 32**F. not less than 20 cm. determined by the 
Page impact test. Ohio requires a viscosity of 10 to 60 at 100**C. for 50 cc. 
for Grade H. O., 40 to 80 at 50°C. for 50 cc. for Grade M. O., and ^'to 12 
at 50''C. for 60 cc. for Grade C. 0. 

Shipping Road OH. — Small quantities of road oil are shipped in 
tight wooden 50-gallon barrels, such as are used for shipping 
molasses, or in steel barrels. These barrels make the oil cost 2 
to 3 cents a gallon more than the price for the oil itself. Unin- 
jured empty barrels can generally be resold to the shipper. 
Heavy oil is troublesome to remove from barrels, and they are 
usually dmnped into the open heating kettles and broken up. 
When the oil is warm the broken pieces of wood are raked out 
and used for fuel. If there is no heating kettle on the job, the 
barrels of heavy oil must be kept close to a fire or in a very warm 
room before the oil can be poured from them into the distributor. 

Larger quantities of oil are shipped in tank cars, holding 8000 
or 12,000 gallons. Where a large anioimt of oil is to be used 
annually near any railway, it will be desirable for the ofl&cials to 
supply a tank into which the oil can be run as soon as the car 
arrives. The season for roadwork is limited and during it there 
is a brisk demand for tank cars. The oil company which loses 
the service of a car for a week or ten day^, while it stands on a 
siding waiting to be emptied, is obliged to add an equivalent 
item to its overhead expense, and the road district which provides 
for prompt discharge of tank cars is in a position to demand, 
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and will probably get, quotations shaded somewhat to recognize 
its sense of business fairness. 

If oil must be used hot, a f or 1-inch steam connection must 
be made with the heating coUs of the tank car. For this reason, 
the car is often spotted on a siding near an electric station or 
mill, but the steam can also be furnished by a road roller, trac- 
tion engine or other convenient source. It will take from twelve 
to twenty-four hours to heat a tankful of heavy oil to 150** to 
170°F., which is hi^ enough to allow it to be pmnped. The 
temperature can be increas^ after that in the distributor. The 
amount of steam suppUed to the heating coils of the car is regu- 
lated by a valve on the exhaust pipe of the coil, which is adjusted 
to prevent a waste of steam. As some road oils have a low flash 
point, great care must be taken to prevent any oil coming in con- 
tact with a flame. The temperature of the oil should be tested 
from time to time with a thermometer, to see that it is not over- 
heated. If there is any water in the oil it will give a great deal 
of trouble if heated quickly, and if foaming is detected the rate 
of heating should be checked at once. 



Specific GrctvitieSf Degrees BaumSf Weights in Pounds per Gallon and Volume 
in Gallons per Pound of Oils at 60^F. Having Specific 

Gravities Exceeding 1.00 



Bpscmc 


DBOBBB8 


POUNDB 


GALLONS 


8PBCIFIC 


DBOBBB8 


POUNDS 


GALLONS 


QBAVITT 


BAUMi 


PBB GALLON 


PBB POUND 


GBAvrrr 


BAUlfA 


PBB GALLON 


PBB POUND 


1.00 


0.00 


8.328 


0.1201 


1.15 


18.91 


9.577 


0.1021 


1.01 


1.44 


8.411 


0.1189 


1.16 


20.00 


9.660 


0.1009 


1.02 


2.84 


8.495 


0.1177 


1.17 


21.07 


9.744 


0.0997 


1.03 


4.22 


8.578 


0.1165 


1.18 


22.12 


9.827 


0.0985 


1.04 


5.58 


8.661 


0.1153 


1.19 


23.15 


9.910 


0.0973 


1.05 


6.91 


8.744 


0.1141 


1.20 


24.17 


9.994 


0.0961 


1.06 


8.21 


8.828 


0.1129 


1.21 


25.16 


10.077 


0.0949 


1.07 


9.49 


8.911 


0.1117 


1.22 


26.15 


10.160 


0.0937 


1.08 


10.74 


8.994 


0.1105 


1.23 


27.11 


10.243 


0.0925 


1.09 


11.97 


9.078 


0.1093 


1.24 


28.06 


10.327 


0.0913 


1.10 


13.18 


9.161 


0.1081 


1.25 


29.00 


10.410 


0.0908 


1.11 


14.37 


9.244 


0.1069 


1.26 


29.92 


10.494 


0.0889 


1.12 


15.54 


9.327 


0.1057 


1.27 


30.83 


10.577 


0.0877 


1.13 


16.68 


9.411 


0.1045 


1.28 


31.72 


10.660 


0.0865 


1.14 


17.81 


9.494 


0.1033 


1.29 


32.60 


10.743 


0.0853 



Note: For a similar table of oils of specific gravities less than 1.00 
see page 112. 

Pumping Road Oil. — In order to remove the oil from the tank 
car to the distributors, some form of pump is generally necessary, 
for it is not often that the car can be placed on a siding or trestle 
high enough te allow it te be emptied by gravity. 
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If a lift pump set in the top of the car is used, it should be a 
3 or 4-inch size. With it one man can fill a 600-gallon dis- 
tributor in twenty minutes. 

Jn many cases a hose or pipe is connected to the bottom of 
the car and run to an oil pump, operated by a steam or gasoline 
engine, which forces the oil into the distributor. A IJ or 2-inch 
power-driven rotary pump will deUver 600 gallons in ten to fif- 
teen minutes. These pumps work with either hot or cold oil. 
A water tank pump can be used with cold oil but hot oil will ruin 
the valves speedily. A 2-inch suction tank pump will fill a 600* 
gallon tank in thirty to forty minutes. 

The hose used in the connections between the pump and the 
bottom of the tank car should be as short as possible because the 
oil often destroys it rapidly. It is desirable to have a cut-off 
valve in the connection pipe. When everything is coupled ready 
for use, the discharge valve in the bottom of the car is raised by 
means of a vertical stem nmning up to the dome of the car, and 
the flow of oil is controlled by the cut-off valve, for the manipu- 
lation of the tank valve is quite troublesome. 

Heating Road OH. — ^As the fixed and operating charges at an 
oil storage plant are about the same irrespective of the amount 
of oil delivered into distributors, it is desirable to load as many 
carts daily as practicable, in order to reduce the unit cost of such 
work. In Califomia, where large amoimts of oil are used in sur- 
facing concrete roads, oil stations have been designed with par- 
ticular attention to effecting such economics. It is considered 
desirable to have tilie oil at a temperature of 300° F. when it is 
applied, so it is heated to 325° for delivery within 10 miles and 
350° for longer deliveries. 

The oil is discharged from the cars into storage tanks or pits 
holding 10,000 to 25,000 gallons. These contain steam coils to 
warm the oil sufficiently to enable it to be pumped into a circu- 
lating tank holding 2000 to 3000 gallons, where it is heated 
further by steam coils. The oil is then pumped through a heater 
and back into the circulating tank until its temperature is about 
200°, after which the temperature of the heater is raised and the 
ofl pumped throu^ it into the distributor. The whole operation 
takes one and one-half hours. 

The heater resembles a return tubular boiler. The furnace 
has a fire brick arch and walls and is heated by oil burners. The 
heated gases pass over the furnace arch in a chamber formed of 
ordinary brick masonry, and finally escape through a steel stack. 
The oil is pumped through a multiple grid of 3-inch pipes. The 
design is made on the assumption that with furnace temperatures 
of 1800° to 2000°, 1 square foot of heating surface will transmit 
3 British thermal units per hour per degree of change in temperature. 
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Volume of Oil at 60^F. Equivalent to Unit Volume at Stated Temperatures in 

Fahrenheit Degrees 



0*F 





10 


20 


SO 


40 


60 


60 


70 


80 


00 
















1.000 
0.962 
0.926 
0.893 
0.862 


0.996 
0.958 
0.922 
0.890 
0.859 


0.992 
0.954 
0.919 
0.886 
0.856 


0.988 


100 
200 
300 
400 


0.984 
0.947 
0.912 
0.881 


0.980 
0.943 
0.909 
0.877 


0.977 
0.940 
0.906 
0.875 


0.973 
0.936 
0.903 
0.871 


0.969 
0.933 
0.899 
0.868 


0.965 
0.929 
0.896 
0.865 


0.951 
0.916 
0.883 
0.853 



Note: This table is based on the assumption that the volume of oil 
increases 0.4 per cent for every increase of lO^F. above 60^. This rule 
is exactly applicable only to some oils. In Los Angeles County, CaL, the 
rate of increase in volume is taken at 0.3 per cent in the specifications of 
the county road department. 

Purchasing Oil. — Oil increases in volume from 0.3 to 0.4 per 
cent for each lO^F. rise in its temperature. The oil is bought 
on the basis of its volume at 60^F. and if measiired at any other 
temperature its volume must be computed, or, in the case of an 
oil having an increase in volume of 0.4 per cent per lO^F., the 
accompanying table will give the volume at 60^ with a minimum 
amount of figuring. To use it, multiply the tabular number 
for the temperature at which the measurement was made by 
the measured quantity of oil. For example 1,100 gallons of oil 
at 375*'F. multipUed by 0.888 gives 978 gallons as the volume 
at 60°F. If the rate of increase per lO^F. was 0.3 per cent, the 
volume at CO'^F. would be 995 gallons. 



TAR AND TAR PRODUCTS^ 

The tar used in roadbuilding is obtained by refining the crude 
tar produced in the destructive distillation of coal, in making en- 
riched water gas and in certain classes of coke ovens. It is a com- 
plex mixture of many hydrocarbons and is not a simple chem- 
ical substance. 

In a city gashouse, gas is produced by heating coal in retorts 
usually about 8 feet long, 15 inches high and 18 inches wide. 
The tar is driven oflF with the gas and is collected for the most 
part in "hydrauUc mains'' which act as water seals for the gas. 
The gas is further cooled in a condenser, where more tar is de- 
posited, and the remaining tar is removed in a tar extractor 
and scrubbers. The tar obtained at each stage in the process 
is different from that obtained at the other stages, but all of it 
is usually rim iiito large wells, where the accompanjdng ammo- 
niacal water rises and is drawn oflF. The character of the tar 
varies greatly. It is much affected by the temperature at which 
the coking is conducted, as well as by the character of the coal 
used. High temperatures result in an increase in the amoimt of 
free carbon in the tar, and this increase in free carbon is accom- 
panied by an increase in specific gravity. The presence of ammo- 
niacal water with oils distilUng below llO^C. is stated by Pre- 
vost Hubbard to be the distinguishing features of all crude coal 
tars. 

Another clajss of tar is obtained from by-product coke ovens. 
The retorts in this case are much larger but are operated in much 
the same way as the retorts of illuminating gas plants, except 
that the main endeavor is to produce the maximum amount of 
coke instead of gas. For this reason the temperatures are lower 
than those usually employed in coal-gas works and the tar is 
likely to have a comparatively low amount of free carbon and a 
comparatively high amount of oils. There are several types of 
by-product coke ovens, and some produce tars better suited for 
road work than other types. 

Water gas is made by passing steam over hot coal, in which 
process no tar is produced. This gas is a mixture of hydrogen 
and carbon monoxide, and bums with a flame of no value for 

1 Revised by Prevost Hubbard, chief of road materials tests and research, 
U. S. Office of Public Roads. 
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illumination. It must therefore be mixed with hydrocarbons, 
which are usually obtained by cracking a grade of petroleum dis- 
tillate called gas oil. ^ In the purification of this enriched or ''car- 
buretted" gas, tar is obtained which is called water-gas tar. 
It is lighter than coal tar and the water it contains is practically 
free from anmionia, which is an identifying characteristic of this 
material. It has a comparatively high amotmt of heavy oil and 
a low amount of pitch. 

In some gas works both coal gas and water gas are made and the 
tar from both processes are collected together, resulting in mixtures 
which may vary greatly in composition. 

Tlie crude tar is stored in tanks at the refineries, each class 
by itself. As much water is removed by settling as is possible, 
since this is the cheapest method of getting rid of it. After set- 
tling, the tar is piunped into a still, ^metimes the tars from sev- 
eral soiu'ces are mixed so that a product with certain character- 
istics can be obtained which are unattainable by refining tar from 
one source. The stills are set in brick like horizontal boiler shells 
and are heated very carefully at first to prevent the water in the tar 
from causing foaming. The vapors from the still are liquified in 
condensers. Water and Kght oils are first driven oflf, then inter- 
mediate oils and finally heavy oils. The road materials are ob- 
tained from the residuum. The distillation must be stopped 
early if a light road tar is desired, while the process is carried 
much further if a binder is desu^d. In the final stages, the con- 
tents of the still are agitated by jets of air to prevent coking. 

The composition of several crude tars and of the heavy pitches 
.made by refining them is given in the accompanying table. The 
figures must not be considered more than representative of gen- 
eral characteristics, for individual tars in the same class vary 
greatly. 

Tar products for road piuposes are called ''straight-run" when 
they are the residumns left sdFter refining crude tars to the degree 
which will furnish a material of suitable composition, and "cut- 
back" when they are made by fluxing a hard pitch with a lighter 
distillate. 

The effect of free carbon in tar upon its utility for road purposes 
has been a subject of protracted controversy. Philip P. Sharpies 
makes this comment: 

Experience has seemed to settle that a moderate amount of free carbon 
is beneficial in a road tar, thus bearing out the practical experience gained 
in the use of coal tar materials in other directions. At the same time, an 
excess of free carbon is not desirable, since it tends to make the material 
difficult to work and also reduces to a considerable degree the amount of 
true bitumen available. On the other hand, a certain percentage of free 
earbon seems to enhance the binding power of the refined tar. liie upper 
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limit may perhaps be set at 25 per cent for a binder and j>erhaps 22 per cent 
for a tar used for hot surface application. The lower limits on these classes 
of materials should certainly not be less than 12 per cent for binder mate- 
rials and 10 per cent for hot surfacing materials. With cold surfacing 
materials the free carbon is necessarily much lower, as its presence in large 
quantities reduces the penetration. With cold surfacing materials 4 per 
cent may be placed as a desirable minimum. 

Prevost Hubbard makes the following comments on free car- 
bon in his Dust Preventives and Road Binders: 

In tars of the same consistency, those of low carbon contents have a 

freater inherent binding strength than those of high-carbon contents, 
n tars whose bitimien contents are of the same consistency those of high 
carbon contents have a greater inherent binding strength than those of low 
carbon contents, but the binding capacity of the former is lower. In sand- 
tar mixtures containinK a relatively large amount of high carbon tar, the 
carbon may act as a filler and add to the mechanical strength of the min- 
eral aggregate, but better results in this respect can be obtained by the 
use of a smaller quantity of low carbon tar of the same melting point, 
together with a mineral filler. The waterproofing value of high-carbon 
tars is in general less than that of low-carbon tars. Free carbon retards 
the absorption of tars by porous surfaces. When tar is exposed in 
comparatively thin films free carbon has little or no effect in retarding 
volatilization.' 

Applying these facts to the use of tar in road treatment the following 
conclusions are logically deduced: (1) In the treatment of old road 
surfaces a low carbon tar is to be greatly preferred to a high carbon tar. 
(2) In ordinary bituminous road construction, both from the standpoint 
of efficiency and economy, a low-carbon tar is to be preferred to a hi^- 
carbon tar whose bitumen content is of the same consistency. 

The distillation test of tare furnishes information regarding 
their utility for road work. Formerly the test was made on ma- 
terial which might or might not contain water, but the tend- 
ency of specialists at present is to remove any water from the 
samples by preliminary distillation at a low temperature, for no 
water is permitted in tar for hot application under most speci- 
fications now. The distillation is carried on in an Engler flask 
and is conducted in a series of stages. The terminal tempera- 
tures of the stages have usually been llO^'C., 170°C., 270*^0. and 
300°C., but recently it has been proposed to make another stage 
with a terminal temperature of 235**C. The test is one which must 
be conducted with careful observance of the procedure speci- 
fied for the method followed or the results will not be comparable. 
The distillate obtained during each stage is called a "fraction.'', 

The 1916 requirements of several State highway departments 
for different grades of tar are given in the table on pages 136 
and 137. 
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BITUMINOUS ROADS* 

Bituminous materials are used on gravel and broken stone roads 
in three ways: (1) thoroughly mixed with the stone or gravel 
before the latter is placed on the roads; (2) driven into the 
interstices between the stone after the latter has been placed on 
the road; (3) applied to the surface of a finished gravel or broken 
stone road. Tlie first method produces what is now commonly 
called bituminous concrete and the second method bituminous 
macadam. These will be described in this section and surface 
appUcations will be described in the next section. 

Rock for Bituminous Roads.^ — ^In bituminous road work obser- 
vations indicate that in some cases it is advantageous to use a 
rock of relatively hi^ absorption rather than one with low 
absorptive qualities, owing to a better adhesion of the bituminous 
material by a partial sinf ace impregnation of the rock. 

While the binding or cementing value of a rock is a most 
important consideration from the standpoint of ordinary macadam 
construction, the same is not true of broken-stone roads which 
are carpeted or constructed with an adhesive bituminous material. 
The French coefficient of wear is also of relatively less importance, 
owing to the fact that the fine mineral particles produced by the 
abrasion of traffic combine, or g^ould combine, with the bitumi- 
nous material to form a mastic which is held in place and pro- 
tects the tmderlying rock from abrasion so. long as it is kept 
intact by proper maintenance. The toughness of the rock is of 
more importance, as the shock of impact is to a considerable 
extent transmitted through the seal coat and may cause the 
underlying fragments to Matter. It would, therefore, seem that 
the minimum toughness of a rock for use in the construction of 
a bitimiinous broken-stone road or a broken-stone road with a 

^ It is the purpose of this chapter to indicate the methods followed in 
several sections of the country where bituminous roads have been built 
extensively rather than to recommend any methods as the best for all 
conditions. Revised by P. St. J. Wilson, chief engineer, United States 
Office of Public Roads and Rural Engineering; F. H. Joyner, road com- 
missioner of Los Angeles County, Cal.; and W. R. Farrington, division 
engineer, Massachusetts Highway Conmiission. 

* From Bulletin 370, United States Department of Agriculture, *' Physic 
eal Tests of Road-Building Rock," by Prevost Hubbard, chemical engi- 
neer, and Frank H. Jackson, Jr., assistant testing engineer. Office of 
Public Roads. 
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bituininou&-mat surface should, for light traffic, be no less than 
for ordinary macadam subjected to the same class of traffic. 
For moderate and heavy traffic, however, the same minimum 
toughness should prove sufficient, owing to the cushioning effect 
of the bituminous matrix. No maximum limit of toughness need 
be considered for any traffic. 

In the case of bituminous concrete roads, where the broken 
stone and bitmninous material are mixed prior to la3niig and 
consolidation, it generally appears advisable to set a minimum 
toughness of 6 to 7 for li^t-traffic roads, instead of 5, in order to 
insure that the fragments of rock which have been coated with 
bitumen shall not be fractured under the roller during consolida- 
tion; and 12 or 13 for moderate and heavy traffic, instead of 10 
and 19, as in the case of water-bound macadam roads. 

Bearing in mind the fact that availability, cost, and various 
local conditions generally control the selection of proper limits, 
the accompanying table may be used as a general guide for 
minimimi limits of the French coefficient of wear and toughness 
in connection with bituminous broken-stone roads. 

Bituminous Materials. — Climatic conditions, the volume and 
character of traffic to be carried by a road, the kind of stone to 
be used, and the methods of construction vary greatly in differ- 
ent places and have an important influence on the determination 
of the bituminous materials to be used. For this reason it is not 
practicable to have a general specification of universal applica- 
biUty. The requirements for bituminous binders of a number 
of states are given in the tables on pages 126, 127 and 136. 

In most cases the binders are furnished by the contractors 
under specifications of greater or less detail. In Massachusetts 
the State highway conmiission usually purchases its material and 
furnishes it to the contractors, although contractors are occa- 
sionaUy required to supply it. 

Bituminous Macadam. — Roads of this type are frequently said 
to be built by the "penetration" method because the bituminous 
material is made to penetrate the interstices of the road from the 
surface. The grading, drainage and rolling of the subgrade are 
carried out as in the case of waterboimd macadam roads. On the 
subgrade is laid a base or bottom course, then a top course to 
which the bituminous material is applied, and finally a thin 
"seal" coat of bitimiinous material covered with screenings or 
gravel to protect the main mass of the road from the weather 
and other deteriorating influences. 

The depth of the bottom course varies with the character of 
the subgrade, the traffic, the quality of the stone, the character 
of the top course and the preferences of the highway authorities. 
Probably 6 inches at the center and 4 inches at the sides are 
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lAmiU of Phynciil Tests of Rock for Bituminous Roads 
(Reoommended by Provost Hubbard and Frank H. Jackson, Jr.) 
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average depths.^ In Massachusetts, where the foundation is pre- 
pared very carefuDy, sometimes consisting of 12 inches or more 
of gravel or telford, an 18-foot roadway usually has a bottom 
course 2 inches thick at the sides and 3 inches thick at the center, 
after rolling, except on stone foimdations, where the standard 
thickness is 2 inches at all points of the cross-section. These 
thicknesses are increased in some cases. 

The Massachusetts specifications call for smaller stone than 
those of most states, and give the engineer the final decision 

^ On roads where the traffic promises to be heavy, it is often considered 
best to have the same depth the entire width of the road. 
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r^arding the proportions of the | to l^inch size and the 1^ to 
2|-inch size which shall be mixed together for this course, the 
intention being, where stone is crushed locally, to vary these 
proportions in order to use the output of the crusher. In New 
York and Pennsylvania the TnaxiniuTn size of the stone for this 
course is 3^ inches. The Pennsylvania specifications require the 
stone to have a French coefficient of wear of not less than 10, 
and permit the use of gravel and of broken slag which weighs 70 
pounds or more per cubic foot, measured loose. In Ohio, if sand* 
stone is used in the bottom course, pieces as large as 6 inches are 
permitted; the maximum size with other rocks is 4 inches. In 
Illinois and California the maximum size is 3 inches. These 
variations are due mainly to differences in the average quality 
of stone available in the different states. 

After the stone has been spread, it is sometimes harrowed. The 
Illinois specifications call for the use of a tooth harrow weighing 
10 to 12 poimds per tooth. The course is then consolidated with 
a roller, one weighing 10 tons or more being generally required* 
It is next covered with screenings, small gravel and sometimes 
coarse sand, which are broomed and rolled dry until the inter- 
stices are fiUed, but not over-filled. Some engineers consider the 
course finished at this stage, while others require it to be sprinkled 
with water and rolled so as to consolidate it still further. 

On the work under a number of State highway departments, 
the stone for both the top and bottom courses must be shoveled 
from the carts into place, or be dumped on platforms and shoveled 
from there into place, or be spread over the road by distributmg 
wagons buUt for the purpose. In other states the stone for the 
bottom course may be dmnped on the subgrade and shoveled 
from these piles into its final place. Stone for the top course is 
never permitted to be dmnped in piles on the bottom course. 
The screenings or other fine material used on the road are gen- 
erally required to be delivered along the road before construction 
begins. 

Other types of bottom courses than those made of graded 
A^regates are occasionally used. Many macadam roads ia good 
condition have had a bituminous macadam top course put on 
them. Macadam roads when in poor condition are often scari- 
fied, new material added where needed, and then rolled, thus 
furnishing a suitable bottom course at minimum expense. If 
these old roadways are thus used, their drainage should be care- 
fully examined and all defects remedied before the top com^e is 
laid. In the New York state highways, a base of run-of-bank 
gravel not larger than 3^ inches is sometimes used. In this case 
the material passing a ^-inch screen must not be more than 5 per 
cent in excess of the voids m the remainder of the material after 
this fine stuff has been removed. 
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In Massachusetts the top course is usually 2 inches thick, and 
as stone from \\ to 2\ is required the largest pieces become im- 
bedded slightly in the bottom course by the rolling. More than 
15 per cent of the \ to IJ-inch stone, which is permitted in the 
bottom course, is not desired in the top course because experi- 
ence has convinced the Massachusetts engineers that its presence 
makes a less durable road. More bituminous binder is required 
with coarse than small stone, but the entire quantity can be 
appUed at one time, while if small stone is used it has been 
found desirable to construct this course in two layers in order to 
be certain that the smaller voids existing with such stone are 
filled. 

The top course in most States is usually from 2 to 3 inches 
thick. 

The top course of the New York State highways is made of li 
to 2J inches stone, in Pennsylvania 1 to 3-inch, in Ohio 1^ to 2^- 
inch stone for a course less than 3 inches thick and 2\ to 4-inch 
stone for a course 3 inches or more thick, unless the stone has a 
loss on abrasion of less than 6 per cent, when the size is reduced 
to 2 to 3i inches; in Illinois 1 to 2 J inches. The Ohio and 
Illinois specifications require it to be harrowed. 

In rolling this course, it is usually considered desirable to roll 
adjacent strips of the shoulders as well, so as to unite the shoulder 
and roadway as completely as practicable. It is also generally 
considered desirable to roll the stone imtil it is "locked" in place 
so the binder distributor can pass without leaving any impres- 
sion, but not to the maximum density. The reason for this is 
that the bitiuninous material is beUeved to be more uniformly 
distributed if the course of stone is capable of further compression 
after the binder has been appUed. Some stone hard enough to 
carry travel should not be rolled heavily, for if heavily rolled the 
voids will be so reduced that the binder will not penetrate into 
them properly. 

No bituminous material should be applied except when the 
stone on the surface is clean and free from dust. The appUca- 
tion is now made in many cases with a pressure distributor, 
which is required by some State highway departments; it is also 
applied by gravity distributors and, on small work, by hand 
pouring cans. 

Distributing wagons often have some kind of fire-box for keep- 
ing the binder hot. Gravity distributors discharge their contents 
through nozzles or other spraying devices at their rear about 12 
inches above the road. The shape and location of the nozzles 
are so selected that the binder will be distributed uniformly 
over a strip of the road somewhat wider than the distance be^ 
tween the wheels. The binder flows from the nozzles by gravity, 
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and as the contents of the tank are drawn off the pressure on the 
noEzIes decreases and the rate of flow per minute is reduced. 
In order to maintain a uniform flow, a control valve in the out- 
let pipe is provided. The rate of application of the material is 
regulated by this valve and the speed of the distributor. 

Pressure distributors are used where it is desired to have better 
control over the rate of apphcation of the binder than is practic- 
able with gravity distributors, and also to obtain the best dis- 
tribution and penetration. In some types, compressed air or 
steam is admitted to the top of the tank so that the pressiu-e on 
the surface of the binder, whether the tank is full or alinost empty, 
is sufficient to drive the material through the nozzles with con- 
siderable force. In other types, the binder is driven out of the 
nozzles by a small pump. The nozzles of the pressure distrib- 
utors are generally about 6 inches from the surface of the road. 
In some cases the binder is forced through a hose ending in a 
nozzle which the operator moves along just above the surface of 
the road. 

Bituminous material is also distributed from tank wagons with- 
out any suitable piping and nozzles of their own. This is done 
by attaching to their rear end a Ught two-wheel sulky having the 
necessary distributing apparatus, which is connected by piping 
with the outlet of the tank wagon. Attachments are also made 
for this purpose which can be bolted to an ordinary tank wagon. 

Pouring cans resemble garden watering cans in appearance. 
The top is usually partly covered to prevent the binder from flop- 
ping out, and there is generally a removable screen which intercepts 
anything likely to clog the nozzle. The nozzle is a slot 6 to 10 
inches long, which is usually adjustable. A skillful man can 
apply bitmninous material in this way very \miformly, but the 
expense on large work is greater than with distributors. 

The binder can be heated in portable kettles, usually mounted 
on wheels, in distributing wagons, oil heating pits, or in tank cars, 
the method to be followed depending upon the amount of material 
to be heated. 

The amount of binder used is from li to If gallons per square 
yard, depending upon the depth and size of the stone. If an 
asphalt binder is used it must be appUed at a temperature of 
about 300°F. and if tar at about 200^ to 225*'F. After it is spread 
it is covered with small stone, usually from about i to f inches 
in size; in New York State work stone of f to li inches is speci- 
fied. In Massachusetts good results have been obtained in 
some cases with sand. After this dressing has been spread it is 
often gone over with brooms to make certain that all voids in the 
surface are filled, and the material unformly distributed, and the 
brooming should be finished with the brooms working parallel with 
the line of the road. 
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After the top course has become firm imder the roller, the 
surface is swept clean and the seal coat is applied. This is usually 
spread at the rate of ^ to f gallon per square yard, and is covered 
with J to J-inch stone chips or pea gravel. The road is then 
broomed, using a lock street broom for the purpose, and then 
given a thorough rolling as to consolidate it as much as possible 
and the broom can be attached to the roller during this final rolling. 
A Uberal use of both the hand broom and the lock street broom, 
or the broom fastened to the roller, during the screening and 
finishing of the road will do much to insure that the dressing 
is evenly taken up by the oil and a smooth riding surface obtained 
that will not start the pounding of automobiles and the con- 
sequent rippling of the surface. 

In the State highway work of Illinois, there are there courses 
and a seal coat in bituminous macadam construction. The sec- 
ond course is 1 to 2J-inches stone, harrowed, roUed, and treated 
with 1 gallon of binder per square yard. This is covered with J 
to i-inch screenings, which are broomed into the voids and the 
excess swept off. A second application of binder is then made 
at the rate of J gallon per square yard and covered with torpedo 
gravel ranging in size from f-inch down to fine sand. This is 
broomed until the voids are fiUed, when the surplus is removed. 
Another appUcation of binder is made at the rate of } gallon 
per square yard and covered with torpedo gravel at the rate of 
about 1 cubic yard per 200 square yards of road. The wheels 
of the roller may be wet to prevent them from picking up the 
binder; some engineers object to such wettmg and require the 
wheels to be oiled. 

Where the grade is steep, the Massachusetts highway com- 
mission has recently tried the practice of leaving the surface 
rather rough, so as to afford a foothold for horses and resistance 
to skidding for automobiles. 

Bituminous Concrete. — ^When the stone and binder are mixed 
together thoroughly before they are placed on the road, it is prac- 
ticable to use both small and large stone and thus reduce the vol- 
ume of the voids to be filled with bituminous binder. This mate- 
rial is placed on any of the bottom courses used with bituminous 
macadatn and also on concrete. It is essential for the bottom 
course to be dry and clean when the mixture is spread over it. 

The size of the stone required by different State highway 
departments varies somewhat, and some departments have a 
number of standard proportions. In Massachusetts crusher- 
T\m trap from J to 1^ inches is specified for some roads, and also 
crusted gravel, which will be mentioned later. In New York, 
f to IJ-inch stone is used for a course 2 inches or less in thick* 
ness, and for thicker courses stone up to 2^ inches in size is 
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aUowed. In both New York and Maryland materials are per- 
mitted which will give a finished pavement with less than 10 
per cent passing a 2-mesh screen, 8 to 22 per cent passing a 4- 
mesh, 25 to 55 per cent passing a 10-me£&, 18 to 30 per cent 
passing a 40-me8h, 5 to 11 per cent passing a 200-meshy and 7 
to 11 per cent of bitumen. In Maryland a mixtm'e is also used 
containing two parts of ^ to IHnch stone and one part of sand 
with 25 per cent passing a 20-mesh screen and 5 per cent passing 
80-medi. To this mixture is added 5 per cent of powdered lime- 
stone or cement and 7 to 9 per cent of bitumen. In Illinois the 
proportions are left to the engineer, but the purpose is to obtain 
the equivalent of a thorough mixture of 1 cubic 3rard of grit sand 
passing a |-inch ring with 40 to 80 per cent passing a 10-mesh 
sieve, and 3 cubic jrards of f to 1 } inch stone with 30 to 80 per 
cent retained on a 1-inch ring. Instead of the stone 3 cubic 
jrards of | to 1-inch gravel with 20 to 70 per cent retained on a 
f-inch screen may be used. 

The amoujit of bituminous binder on the Massachusetts work 
i^ about 20 to 24 gallons per cubic yard of stone. In New York, 
for the work with broken stone without fine material, 18 gallons 
are used per cubic 3rErd of stone and the purpose is to have the 
finished course contain from 5 to 7^ per cent by weight of bitumen. 
On the Illinois work, from 27 to 30 gallons of binder containing 
95 per cent or more of bitumen is used per cubic yard of stone or 
gravel, and if the binder contains less than 95 per cent of bitmnen 
the quantity must be increased proportionately. 

Althou^ stone and tar binder have occasionally been mixed 
cold, as in Rhode Island, it is customary to miy the stone and 
bituminous material hot. There is a marked difference of opin- 
ion regarding the temperature to which the stone should be heated, 
Massachusetts requiring this to be 180^F. or more and Illinois 
300** to 375*. A l%h temperature will injure some binders and 
not others, and it is therefore important to have the aggregate 
uniformly heated to the proper temperature for the binder used, 
the weather conditions, and the length of haul from the mixing 
plant to the road. The binder is heated in kettles or tanks. The 
temperature for asphalt is 275° to 375** and for tar 200"* to 275% 
the limits varying somewhat with the grades used. Special care 
must be taken to prevent overheating. Sometimes hot stone and 
cold binder are mixed. The mixing on small work can be done 
by hajid, but is more quickly and thoroughly performed on large 
work in mixers made for the purpose. 

The best equipment for any contract will depend upon loc^ 
conditions, among which the transportation of the mixed mate- 
rial is an important factor. The mixture must be delivered 
on the site at temperatures of 150* to 280*, according to the 
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binder used. The maximum permissible drop between the tem-^ 
peratures of the material at the mixer and when it reaches the 
road, freedom from segregation in the mixture, and the practi* 
cable speed of deUvery, fix the maximum length of haul. If the 
maximum length of haul permits the use of a central plant for 
the whole work, it is often practicable to locate it at the crusher 
plant and save some labor charges. Portable plants for use along 
the road have been greatly improved in recent years and are used 
extensively. 

The wagons for transporting the mixture should be tight, and 
under some weather and hauling conditions their contents should 
be covered with canvas to keep them from becoming chilled. The 
bodies of motor trucks are sometimes jacketed or insulated for 
the same purpose. 

The mixture should be shoveled from the wagons, or dumped 
on wood or metal platforms from which it can be shoveled. The 
shovels are often heated, as are the rakes used in spreading the 
mixture. It is considered desirable by some engineers to pro- 
hibit delivering hot mixture on the road within one hom* of 
sunset. 

When the edges of the pavement are not protected by a stone 
or concrete curb, the New Jersey highway department requires 
the contractor to place temporary curbs of 6 or 8-inch planks of 
the same thickness as the finished top course. 

When it is necessary to lay half of the width of a road so as to 
allow traffic on the other half, the base of the first half is allowed 
to project about 2 feet beyond the center line of the roadway. 
The top course in such cases ends only a few inches beyond the 
center line, for this will insure all of it resting on a fiirm base. 
Aiter the second half of the base has been constructed, the inside 
edge of the top course already laid is cut back vertically or nearly 
so along a straight or properly curved line so as to obtain a 
perfect joint with the second half of this course. 

After the material has been spread, it should be rolled imme- 
diately. Sometimes an initial compression is given with a 3- to 
6-ton tandem roller and the final compression with a 10-ton 
macadam roller, but the ui^ual practice is to use a 7- to 10-ton 
roller giving 200 to 300 pounds per linear inch of roll. The 
wheels may be oiled to prevent the binder from sticking to them. 
This rollhig is continued until the roller leaves no marks in pass- 
ing. Any places which can not be reached by the roller are 
rammed with a hot iron tamp. 

The road is often given a seal coat at the rate of J to f gallon 
of binder per square yard, which is at once covered with pea 
stone or grit. The binder is often the same material used in the 
bituminous concrete but sometimes it is a more fluid grade. 
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Some engineers require it to be applied with a squeegee distributor. 
Tlie seal coat is rolled until it is thoroughly incorporated with the 
top course. 

Mixed GraveUAsphalt Roads. — ^The Massachusetts highway com- 
mission has built a number of roads with mixed gravel-asphalt 
surfaces on gravel and broken stone bases. The surfacing with a 
gravel base is 2^ inches thick after rolling. The following notes 
from its 1915 report describe the construction: 

A road, 18 feet in width with 3-foot shoulders, was built everywhere, 
the curves being banked and widened to 21 feet. A gravel foundation was 
put in wherever the bottom was bad, and about 4 inches of local crushed 
stone was spread and well rolled. 

On this was spread, as evenly as possible, about 3 inches of a bitumi- 
nous mixture made of gravel that had been run through the crusher and 
sand or stone dust, mixed with a heavy asphaltic product. The gravel 
and sand and the asphalt were thoroughly heated and were mixed in a hot 
mixer, and then carted onto the road and spread. The surface was rolled 
down to about 2 inches in thickness when the mixture was sufficiently cool 
not to crawl under the roller. 

Great care is necessary to insure a uniform product, uniformly heated, 
mixed and spread, and that sufficient asphalt is used and no more than 
sufficient to bind the mixture properly. The quantity of asphalt has to 
vary somewhat, according to the amount of voids in the mmeral aggre- 
gate. The variation is usually from 18 to -22 gallons of the hot asphalt to 
the cubic yard of gravel. When the mixture is right it has about the 
consistency of brown sugar and compacts under the roller, though when it 
is first spread and rolled it sometimes has a few hair cracks which the 
traffic soon irons out. The asphaltic product used in this work has a pene- 
tration of from 80 to 120 with a Dow penetrometer. 

Sand and Oil Roads. — In 1905 the Massachusetts highway 
conmiission surfaced a road at Eastham by distributing hot 
asphaltic oil over the sand which is practically the only material 
in the vicinity, applying IJ gallons to the square yard in two 
appUcations. The results were so encouraging that more sand- 
oil roads have been built and the experience thus gained has 
shown what are the requirements for success. They are now 
built by both the penetration or layer method and by the mixing 
method. They are considered suitable when the traffic is mostly 
light teams and automobiles and will not stand up if used daily 
by many heavily loaded teams. The average daily traffic in 1915 
on one successful layer road was 20 heavy teams, 17 light teams 
and 253 automobiles. On a mixed road it was 6 heavy teams, 
23 light teams and 505 automobiles; on another mixed road 21 
heavy teams, 38 light teams and 197 automobiles. 

It is desirable for success to use a hard, strong, sharp and well- 
graded sand, such as is abundant on Cape Cod, v^ere this type 
of construction has been developed. Many sands are too fine, 
too uniform in size, too rounded or not strong enough. Fair 
results have been obtained with some fine sands, however. 
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An oil asphalt of good quality that will bind and not lubricate 
must be used. For the layer type, the preference in Massa- 
chusetts is for an oil with a viscosity of 150 to 200 seconds at 
200^C., using a Lawrence viscosimeter or about 1038 to 1384 
with 100 cc. at lOO^C. in an Engler viscosimeter. From 1^ to 
2 gallons per square yard are used, in two applications, with a 
covering of sand after application. In the mixed type, oil as- 
phalts having a penetration of 60 to 136 by the Dow penetrometer 
have been tried, but that now used ordinarily has a penetration 
of 90 to 125. From 16 to 22 gallons per cubic yard of sand have 
been used; the present average is 18 gallons. The Massachusetts 
commission advises testing each carload of oil before using it. 

In the layer type of construction, the conmiission spreads clay 
or loam over the sand subgrade to reduce the rutting of the sur- 
face by wheels and pitting by horses' hoofs when the oU cart passes 
over it. The oil is then spread evenly while hot with a dis- 
jfcributing cart and immediately covered with sand. This process 
is then repeated. 

In the mixed type of construction the sand and oil are mixed 
hot to form a mastic which is spread over the sandy subgrade 
and rolled. The subgrade is carefully shaped and hardened as 
in the case of the penetration type. The mastic sheet is about 
4 inches thick at the center and 3 inches at the edges. The best 
results have been obtained by keeping the road constantly shaped 
with a road scraper during rolling, and a seal coat of i gallon of 
a Ughter oil such as is used in layer work improves the surface 
and decreases maintenance charges. In the early work the sand 
was heated on sheets of iron, but this overheated parts of it and 
underheated other parts, so that now the heating is done in rotary 
heaters. 

If the traflSc in the future proves too heavy for these roads, the 
commission beUeves they can be greatly improved and strength- 
ened at a moderate cost by using harder asphalt, greater care in 
grading the sand, and the addition of x^ement and stone dust. 
In t^is way a sheet asphalt pavement 2 inches thick can be kdd 
on the old sand-asphalt road as a base. 

Asphalt Blocks on Country Roads 

As designed and manufactured for use on country roads, the 
asphalt blocks are 5 inches wide, 12 inches long, and 2 inches deep, 
weigh about eleven pounds each, and have a specific gravity of 
about 2.40. 

The asphalt block was developed and perfected on the theory 
that crushed trap rock, on account of its preeminent hardness and 
inherent grittiness, made the best known material for a roadway 
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surface, the one thing needed being a cement, or binding material, 
to keep all of the particles permanently in place. This was accom- 
plished by the use of an asphaltic cement to bind together the prop- 
erly graded particles of crushed trap, the hot mixture being oon- 
iolidated by tremendous preseiue into blocks so dense and free from 
voids as to be practicaUy non-absorbent. In the asphalt block, 
therefore, we have an asphaltic concrete, or macadam, mixed, in 
•xact proportions, at a central plant, under conditions insur- 
ing absolute uniformity, and receiving the compression necessary 
to produce a dense and non-absorbent material. 

Not only has a special block been produced, but a special method 
of construction has been worked out, designed to utilize what ii 
left of the worn and rutted macadam road as a foundation for the 
blocks. This is accomplished by scarifying the surface, if necessary, 
filling up the deep ruts, rolling with a heavy steam roller, and lay- 
ing upon the surface of the old macadam, a bed of cement mortar 
about 1 inch in thickness, to serve the double purpose of forming 
a firm unyielding bed for the blocks, and binding them securely 
to the macadam foundation underneath. By this method tha 
material used in the original construction of the road is not thrown 
away, but used as foundation for a permanent wearing surfao*. 
Where the old macadam is too thin, or too badly worn to be safely 
used as a foundation, it will be necessary to lay a concrete base, 
but usually there is broken stone enough in the old macadam to 
supply what is needed for laying concrete. 

A pavement may b»laid of any desired width, contour, grade, 
or crown. It is perfectly feasible to pave one-half of the roadway, 
or only a narrow strip in the center, and extend the paved area 
at a later date as traffic necessities require, or as appropriations 
become available. It is not necessary to set curbstones or head- 
ing stones to border or define the 
paved area, since a row of stretcher 
blocks held firmly in place by ashoulder 
of mortar, as shown in the sketch, 
answers the purpose perfectly and 
leaves the entire roadway surface 
smooth and uniform. 

A good example of this construc- 
tion is on the Albany Post Road, through the villages of Hast- 
ings-on-Hudson, Dobba Ferry, Irvington, North Tarrytown, Town 
of Mount Pleasant, Briarcliff and Ossining, N. Y., on the Boston 
Post Boad in Pelbam Manor and Rye, N. Y., on 9 miles of road- 
way from Daytona to Deland, Volusia County, Florida, and on 
, Nassau Street, Princetown, N. J., a section of the Lincoln Highway. 
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Surface applications vary widely in character, according to 
their purpose. In most cases such an application is essentially a 
maintenance measure, but in the case of the bituminous mats or 
wearing courses used in California, or the mats now laid on new 
water-bound macadam, the first cost of such work is essentially 
a part of the first cost of the improvement. The practice in 
making such surface applications of any general type varies 
widely in different parts of the country, more widely than the 
practice in any other branch of road work. Whether greater 
uniformity will prove desirable or the work can be done success- 
fully by a wide variety of methods can not be defimtely deter- 
mined until the records of such work and of the traffic on roads 
are kept with more detail and uniformity than at present. The 
widespread interest in the subject was one of the leading charac- 
teristics of highway affairs in 1916, and was an evidence of the 
conditions mentioned. 

Oiling Earth Roads 

Surface applications on earth roads were made in California 
many years ago, and a method of incorporating oil and earth by 
a special form of roller was employed for some time. More 
recently well built earth roads in Iowa and Illinois have received 
surface applications as a maintenance measure. The experience 
in these states shows that while some success follows applications 
on roads that are not in good condition, it is very desirable to 
have the surface properly shaped and hard before the oil is applied, 
'the oil binds the grains of earth together and reduces the dust, 
but it does not give the resistance to attrition which a hard sur- 
face affords. Tlie treatment is therefore one which must be 
regarded as adapted only for roads with light traffic and light 
vehicles. If sand instead of earth is present, the methods of con- 
struction first used in Massachusetts and described on page 147 
should be considered. 

If the road has ruts and holes in the surface and is poorly 
drained, water will collect in puddles, soften the oiled crust at 

^ Revised by George H. Biles, second deputy State highway commissioner 
of Pennsylvania, and B. H. Piepmeier, maintenance engineer of the Illinois 
State highway department. 
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these places, and seep into the roadbed. The material under the 
crust will give way under heavy loads and the money spent in 
oiling will be largely lost, because the oiled material will become 
mixed with the unoiled material below and dust wUl be produced 
about as freely as on an unoiled road. Furthermore, the oiling 
of a mudhole often aggravates troubles due to such a defect. 

The surface to receive the appUcation must be dry, or the oil 
will not penetrate the pores, and it must be free from dust, for 
the oil forms flakes or scales with the dust and these are a worse 
nuisance than plain dust, being very irritating to the eyes. 

Both cold and hot applications have been used successfully in 
Iowa, but the State Highway" Commission prefers to heat the oil 
as it apparently gives enough better penetration to justify the 
additional expense. It is desirable to secure the advice of a 
specialist in selecting the oil. A light oil must be used and as 
it may have a low flash point, care should be taken to keep it at 
a temperature below its flash point and to prevent any of it 
coming into contact with a flame. The first appUcation is made 
at a rate of about ^ gallon per square yard, and later applications 
at the rate of J to J gallon. The brief experience in such work 
indicates that two light applications annually for two years and 
afterward a single application annually will be suflScient on a 
road adapted for such treatment and not subject to traflSc requir- 
ing a more durable surface. During 1916 the Illinois State high- 
way department issued the following advice on the work. 

The best results may be secured during the first application, by apply- 
ing either a cold oil or at least a very thin product tnat will penetrate the 
surface of the road several inches and at the same time contain as many 
binding elements as possible so as to seal all pores in the earth, making it 
waterproof and at the same time adding some binding qualities that may 
assist the bond of the soil itself. A suitable product, as is commonly 
expressed, may vary from 30 to 60 per cent in asphalt. After the surface 
of the road has been thoroughly saturated, a hot oil or a slightly heavier 
product may be used. 

If the heavier oils are used for the first application they will not readily 
penetrate the surface of the road and will consequently form a mat on 
top. The forming of the mat before the surface of the road is more or less 
waterproof may be a serious fault as moisture will accumulate beneath the 
rnat and the road will be much slower in drying out than it would had the 
oil not been applied. The mat surface with a soft subsoil will rut more 
readily, besides breaking and scaling off in large pieces, making the road 
surface rough and undesirable. 

The Illinois authorities recommend covering the oiled surface 
with clean, hard sand, at the rate of a cubic yard to 100 to 150 
square yards. 
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Broken Stone Road Surfacing 

It has been found that a surface application on a new water- 
bound macadam road may prove unsatisfactory, although if the 
road is exposed to traffic for three months the desired results are 
obtained if the treatment is properly carried out. This is prob- 
ably due to the large amount of fine, lightly-bound dust on the 
roadway, which is removed by the early traffic, or to the greater 
stability of the road as a result of its consolidation by traffic. 
In New York, macadam roads finished so late in the fall that they 
can not have three months wear before winter, are given a surface 
application of calcium chloride as a temporary protection against 
raveling during the months that must elapse before bituminous 
surfacing can be placed. 

In making thin surface applications to an old road that is thick 
enough to carry the prospective traffic and has a surface in fair 
condition, the ruts and holes must first be patched. This is best 
done several days in advance of the surfacing. Each hole or 
rut is swept clean,^ painted with bituminous material and filled 
with f to 1^ inch stone and binder. The stone and binder are 
often mixed at a central point and carted along the road by the 
patching gang, for use where required. Just before the surfacing 
is done, the road is swept thoroughly, often with some type of 
revolving broom. Sometimes wire brooms are used first and then 
fiber brooms. The oil is appUed hot or cold according to quaUty 
at the rate of about i to f gallon per square yard, as the engi- 
neer considers best, and then covered with clean screenings, granu- 
lated slag or gravel at the rate of about 60 pounds per square 
yard. It is advisable to secure the advice of a specialist in 
selecting the oil. The oil is appUed by hand on small work, but 
usually with a distributor. If the screenings are distributed by 
hand they should be previously deposited in piles at convenient 
intervals along the roadside. TTiey are also distributed by 
spreader carts. The length of time flie road should be closed to 
traffic depends upon the weather, character of the oil, and the 
amount of screenings used, varying from 1 to 48 hours. 

If the road oil rises through the screenings, or "bleeds," in hot 
weather, more screenings should be spread over those places. If 
the road is used mainly by automobiles, a thin covering of screen- 
ings is sometimes spread first and later a covering of sand or other 
fine material, to act as a filler and prevent the tires from dislodging 
the screenings. 

The following rules for the amount of bituminous material to 
be used in surfacing broken stone roads were prepared by George 
H. Biles, second deputy highway commissioner of Pennsylvania: 

i It is desirable to ^cut the edges of a hole so as to secure vertical faces 
to which the new material will adhere properly; a patch with a feather edge 
is liable to be unsatisfactory. 
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If the surface of the road is made up of pieces of ballast sise stone 
(3-inch) from which traffic has removed sul the fine material, leaving large 
surface voids between the stone, enough of the bituminous material must 
be applied so that it will flush up level to the top of the large pieces of stone 
and firmly bind the chips and gravel which lie in the crevices between the 
stone. 

If, on the other hand, the surface of the road is equally clean, but traffic 
has not removed the fine particles between these stones to the same extent, 
and the crevices between them are consequently smaller, then a somewhat 
smaller amount of bituminous material should be used, since an excess 
will again flow off the road. 

In treating a road which has recently been resurfaced, it will be found 
often that even after all the screenings and fine material have been swept 
from the top of the road leaving the lar^e stones bare, there will still be a 
certain amount of dust and fine material between the stones which has 
not yet been compacted thoroughly by traffic and which will absorb the 
bituminous material like a blotter, leaving only a brown stain in these 
spaces. In such cases, the amount of application must be increased until 
this fine material is well saturated and there is enough of the bituminous 
material near the surface of the road to bind thoroughly the covering of 
chips or gravel. 

The first application of a bituminous surfacing to a waterbound 
macadam road may be disappointing. The hoofs of horses are 
liable to dislodge the mat and the surface will have a spotted 
appearance. After several applications, however, the macadam 
surface will become protected everywhere. 

On the New York State highways which are thick enough to 
carry the traflic but are too rough to be treated satisfactorily with 
cold oil and screenings, surfacing with two applications of hot 
oil is sometimes done. After the old road is patched and cleaned, 
it is covered with 0.4 to 0.6 gallon of oil to the square yard, over 
which just enough 1-inch stone is spread to cover the surface. 
This is rolled lightly and then covered with 0.3 to 0.4 gallon of 
oil per yard. This is covered with i inch stone in the thinnest 
possible layer, which is rolled as soon as the oil is cool enough to 
permit it. 

On the Illinois highways, when a double application is made, 
about i gallon per square yard is used on each application, and 
the preferred covering is torpedo sand, i to | inch in size, but 
clean, stone chips are also employed. The total amount of cover- 
ing material with such a treatment is one cubic yard for each 125 
square yards of road. When a single application is made | to 
i gallon of oil per square yard and a cubic yard of torpedo sand 
for every 150 square yards of road are employed. 

Bituminous sandstone obtained in Kedtucl^ has been used in 
parts of that statie for re-surfacing old macadam. The latter is 
scarified, smoothed with a road machine, and enough new stone 
added to give tlie desired thickness and contour. This is rolled 
thoroughly and then covered with pulverized bituminous sand- 
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stone to a depth of about If inches^ loose, when spread. It is 
desirable to aUow the sun to shine on the loose materiaHor a f ew 
hours, until it appears slightly oily, and then roll it, slowly at 
first and later more rapidly. 

Concrete Road Surfacing 

While surface applications to concrete roads have been em- 
ployed in a number of states, there is no agreement as to their 
desirability. They have been used to the greatest extent in 
California, where both thin wearing surfaces and an asphaltic 
mixture are used. The following information concerning both 
types was supplied by Austin D. Fletcher, State highway engineer 
of California. 

The thin bituminous wearing surface is about half an inch in thickness 
when completed. After it has been under traffic for a few months it is 
found to contain a fairly uniform mixture of mineral aggregate and bitumi- 
nous binder consisting of about 8 to II per cent of bitumen and the balance 
niineral aggregate of a fairly uniform grading running from dust to rock 
of J-inch maximum diameter. It shows no tendency to flow or creep and 
the surface remains true and free from rolling. The concrete base, how- 
ever, must be finished with a true, smooth surface to make a good riding 
highway as this t3rpe of surfacing is not thick enough to smooth up to any 
considerable extent a concrete pavement whose surface is uneven. 

The procedure in laying this thin wearing surface is as follows : First 
the surface of concrete is cleaned of dirt, dust films and any thin coat of 
laitance. This is best accomplished by opening the bare concrete to 
traffic for a month or two. The iron shod traffic and the rapidly moving 
rubber tires are of greatest help in breaking any weak layers of dirt or 
laitance and exposing the surface of the concrete proper. This "traffic 
cleaning^' is followed by brushing with revolving street brooms and hand 
brooms. In some cases flushing the surface with water is a help in wash- 
ing off any thin coat of clay. It is of greatest importance that the asphaltic 
oil bind to the solid concrete and not to any overlying weak film of dirt. 
The care taken in getting a clean concrete is witnout doubt in a large 
measure responsible for the success of this surfacing because of the strength 
of the bond between the concrete and the bitmninous wearing coat. The 
few failures where the wearing surface has been stripped from the con- 
crete have been nearly always easy to trace to a pavement improperly 
cleaned prior to the application of the road oil. 

After the concrete has been cleaned the asphaltic oil is applied by a 
pressure distributor at the rate of } gallon per square yard. This oil 
surface is immediately covered bv a layer of either crushed rock screenings 
or fine gravel of i to ^ inch. Tnis material may contain some fines and 
dust but should be fairly clean.  

The screenings are applied l^ shoveling from piles placed at freauent 
intervals alongside the road. The shovelers can be taught po so throw 
the screenings that they will cover the road surface with a fairly uniform 
thickness. The road can now with advantage be given a light rolling but 
this is not necessarv. Any excess screenings should be swept into piles 
alongside of the road to be used on the second application of road oil. This 
is applied on the second application at the same rate and is covered with 
screenings as before. 
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The road is now thrown open to traffic and during the first two weeks 
may require further screenings to take up excess oil. The traffic is of great 
assistance in forcing the screenings into the. oil and compacting and mak- 
ing a homogeneous carpet on the concrete. 

The oil IS applied to the road at a temperature of from 260® to 300®. 
It contains approximately 90 per cent of 80® penetration asphalt. In 
California the road oil companies classify this product as a "90-80'' road 
oil. 

In building the thin bituminous wearing surface for concrete pavements 
two physical properties of the road oil are of greatest importance. First 
the oil must be of such a viscosity that when applied to the road it will 
readily combine with the screenings that are thrown upon its surface. 
A very viscous oil will form a hard surface and the screenings will lie 
there without being absorbed and to a large extent be thrown off the road 
by the passing tra&c. Only a small amount will settle or be forced into 
the oil and the surface will not build up into a satisfactory protecting 
wearing coat. 

The second physical proi)erty of great importance is that the road oil 
must be cementing or adhesive so that it will bind tightly to the concrete 
surface and bind together all of the fragments of stone screenings. It 
should be an active cement and if it is not sticky then the wearing sur- 
face will not be firm enough to resist the push and pull of the passing 
traffic. 

The State highway routes leading from the great centers of population 
have required a higher type of surfacing to meet successfully the demands 
of heavy traffic. 

After proper curing of the concrete its surface is cleaned of all dirt and 
dust films and given a paint binder coat composed of asphaltic cement 
and engine distillate of lightest gravity. The asphalt used has a penetra- 
tion between 80® and 90®, the mix being one part asphalt and one to two 
parts distillate, the exact proportion of distillate being determined by 
trial. The satisfactory mixture is one that paints the concrete with a thin, 
uniform, glossy black film which becomes hard two hours after application. 

The surfacing used has the following composition expressed in per- 
centages : 

Bitumen soluble in carbon disulphide, 7^-10 

Aggregate: 
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The asphaltic cement used has a penetration of from 70 to 90 degrees. 
District of Columbia standard, and passes the usual requirements for 
solubility, volatility and ductility. The heating of asphalt, aggregates 
and dust and mixing and laying follow the usual practice. 

Prior to the laying of the surfacing, the testing laboratory makes grad- 
ing tests of such sand, limestone dust and rock screenings as will be avail- 
able for the work and selects such of these that give the desired mix. In 
this selection the following points are considered important : 

Let o be taken as the percentage of asphaltic cement that will be-used 
in the finished material. Then the dust passing the 200-mesh sieve should 
at least equal a-1. The fine sand passing the 80 mesh and retained on 
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the 200 should be approximately 2a, If the available sand is hi^ on the 
finer sieves a may be taken as high as 9.5 per cent. If the sand is coarse, 
a mav be as low as 8 per cent for the trial mix. The coarse aggregate pass- 
ing the No. 2 sieve and retained on No. 10 should be from 28 to 35 per cent 
of the other mix. If these points are satisfied by the available material 
the weights of coarse aggregate, fine aggregate, dust and asphaltic cement 
can be given to the road crew for a trial batch. Under field working con- 
ditions a trial batch will show if the mix is "wet" or "dry" and by a slight 
change in the percentage of asphaltic cement a mixture can be made that 
will rake and roll properly. In this way the mineral aggregate is not 
changed but kept imder known satisfactory grading. As the work pro- 
ceeds, grading tests should be run at frequent intervals on the different 
mineral aggregates to insure a uniform grading in the finished pavement. 
Analysis of samples of the different batches should also be made to check 
the uniformity of the mix. 

The surface after thorough rolling should have a specific gravity in 
excess of 2.20 if the sands and crushed rock screenings are of average spe- 
cific gravities. A sample of the finished pavement taken each day and 
tested for specific gravity will indicate if there has been insufficient com- 
pression, either due to method of rolling or to the surface being too cold 
when rolled. 



BRICK ROADS* 

Brick pavements have been used on the streets of American 
cities for many years and the United States Bureau of the Census 
reports that in 1909 they formed nearly 24 per cent of the entire mile- 
age of paved streets in 158 cities. Some of the early, brick pave- 
ments gave satisfactory service for many years, but others did 
not. The imsatisfactory early experience was due in part to 
the use of unsuitable materials, in part to the improper recon- 
struction of pavements cut to permit laying pipes, and in part 
to the defective methods of construction employed, just as was 
the experience with other types of block pavements. It is not 
possible to build lasting block pavements unless the blocks are 
' prevented from settling, which results in holes in the surface, 
or from tilting over on their bottom side, called "turtling," 
which results in a rounding of the upper edges of the blocks, 
called "cobbling." These defects led to better methods of 
construction, so that when bricks came into use on country 
highways success was assured if mimicipal experience was taken 
as a guide. There are always ccmmimities as well as persons 
unwilfiig to profit by the experience of others, however, and con- 
sequently some brick roads have been built of poor materials 
and by poor methods with the inevitable unsatisfactory results. 
Such miiortunate experience was unnecessary then and is un- 
necessary today; it was largely due to ignorance of the require- 
ments for good work, carelessness, lack of proper supervision, 
and a desire to cheapen the cost of such roads below the amoimt 
needed for proper construction. 

Paving Bricks 

Paving bricks are made from a great variety of shales and fire 
clays and consequently bricks of equal worth vary considerably 
in appearance. Shale contains iron which makes shale bricks 
red when burned imder normal oxidizing conditions and brown 

^Revised by William W. Marr, chief state highway engineer of Illinois; 
A. H. Hinkle, deputy highway commissioner of Ohio; P. m. Tebbs, engi- 
neer of construction of the Pennsylvania State Highway Department; 
Will P. Blair, secretary of the National Association of Paving Brick Manu- 
facturers; and W. C. Perkins, chief engineer, R. T. StuU, ceramic engi- 
neer, ana F. A. Churchill, of the Dunn Wire-Cut Lug Brick Company. 
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or nearly black when bumed under reducing conditions. Fire 
clays have less iron than shales, the iron being present in a com- 
bined state, and bricks made from them are buff-colored, unless 
reducing conditions during burning darken them. The shales 
and fire clays are often imsuited for making paving bricks as they 
occur, and then material from one stratum in a pit must be 
mixed with that from another stratiun or that from one pit with 
that from another, and sometimes with sand or surface clay. 

The raw materials are crushed and ground dry in large revolv- 
ing pans under heavy rolls, called ''mullers." This material is 
screened to remove pieces of too large size, and is then conveyed 
to a pug mill, in which the materials are mixed somewhat as 
concrete is mixed in a continuous concrete mixer. Here enough 
water is added to convert the material into a thick mud, which 
is beaten by the revolving blades into a condition of uniform 
consistency and composition. Tbia mud is fed continuously 
into a brick machine, where it is forced by an auger throu^ a 
die, whence it emerges as a fairly hard bar of rectangular section, 
which is cut mechanically into bricks. This bar of hard clay may 
be approximately 4 by 4J inches in section, in which case it is 
cut about every 9 inches, forming "end-cut" bricks, or it may be 
approximately 9 by 4i inches in section and cut every 4 inches, 
forming "side-cut" bricks. These brickti are sometimes sub- 
mitted to a reshaping process before dryuig, in which case they 
are called "re-pressed" bricks, and sometimes they are dried as 
they are finished by the brick machine, in which case they are 
called "wire-cut" bricks. For drying, the bricks are placed on 
cars which are run very slowly throu^ a long, tunnel-like heater, 
into which hot dry air is admitted continuously. After remain- 
ing on the cars in the tunnel about twenty-four hours their 
weight is reduced from 15 to 20 per cent. Tlie bricks are then 
ready for burning, one of the most important steps in the manu- 
facturing process. The bricks are stacked in kilns in such a 
way that the heated air circulates freely around them, and great 
care must be taken in the regulation of the temperature through- 
out the entire burning process, from the time the kUn is first 
warmed until it is cool enough to permit the withdrawal of the 
brickti. 

In laying paving bricks a space is left between successive rows 
for the material which forms the joints, and as it is very desir- 
able for these joints to be of a uniform width, one side of a paving 
brick has either two or four lugs, which are small projections 
from the surface of the bricks.^ Theae projections serve to keep 

^ There are some bricks which do not have lugs but have raised letters 
or four projections, one near each comer, on one face. Raised letters are 
not permitted on bricks for Ohio State roads. 
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the adjacent faces the proper distance apart when the bricks are 
forced mto contact during the paving operations. These pro- 
jections extend i to J inch from the side or face. In one class of 
side-cut bricks the cutting is done by wires which are moved 
across the bar of clay so as to produce the lugs needed on one side 
of the brick. These are called "wire-cut lug" bricks. In an- 
other type of side-cut bricks, 2^, 3 and 4 inches deep, the ribs 
are moulded on one of the sides as it comes through iiie die. A 
wire-cut side is placed on top in laying such bricks, which are 
called "vertical fiber" bricks in some parts of the coxmtry. Other 
types of projections are made by devices attached to the brick 
machine. In the case of repressed bricks, the projections from 
one or both sides are made in the press. 

There is no imiversal standard size for bricks but the tendency 
seems to be toward 3^ inches width, 4 inches depth and 8) inches 
length, with a permissible variation of \ inch either way in the 
width and depth and \ inch either way in length. The depth is 
occasionally reduced as much as an inch for roads having Ught 
traffic, when the monolithic and cement-sand cushion types of 
construction, explained later, are used. 

"Hillside" bricks are made for use on grades of 5 per cent or 
more. They have one or more grooves cut the full length of the 
bricks, along their edges, in the case of bricks to be laid in the 
usual manner, or two grooves cut transversely in the case of bricks 
to be laid parallel with the curb. These grooves are about | inch 
deep and are intended to prevent slipping of horses or automo- 
biles. Bricks with beveled edges are used for grades, notably on 
the carriage ramps of the Pennsylvania Terminal in New York, 
where the travel is very heavy, and quite generally on grades ex- 
ceeding 5 per cent, throughout Ohio. 

Teste oj Bricks 

The color of the interior of bricks from the same plant gives 
an indication of their quality, for generally the color is darker 
in the bricks burned witii the higher temperatures. The color of 
the exterior of the bricks is a less reliable indication of quality, 
and even interior color is of little or no value in judging the bricks 
from different plants. The other features of bricks which can 
be determined by visual inspection are explained in the follow- 
ing description of the bricks which may be rejected under the 
standard specifications of the American Society for Testing 
Materials: 
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All bricks which are broken in two or chipped in such a manner that 
neither wearing surface remains substantially mtact, or that the lower or 
bearine surface is reduced in area by more than one-fifth.^ 

All Bricks which are cracked in such a degree as to produce defects such 
as are defined in (the previous paragraph) either from shocks received in 
shipment and handling, or from defective conditions of manufacture, 
especially in drying, buj^iing or cooling, unless such cracks are plainlv 
Bui)erficial and not such as to perceptibly weaken the resistance of the briok 
to its condition of use. 

All bricks which are so offHsize, or so misshapen, bent, twisted or kiln- 
marked, that they will not form a proper surface as defined by the paving 
specifications, or align with other bricks without making joints other than 
tnose nermitted in tne paving sperifioations. 

All oricks which are obviously soft' and too poorly vitrified to endure 
street wear. 

Formerly a number of difiFerent laboratory tests of the properties 
of paving bricks were required by specifications, but today reli- 
ance is placed mainly on the rattler test to determine their qual" 
ity. Its name is derived from the use of a foundry rattler, em- 
ployed in cleaning iron castings, in making the first tests of this 
kind on bricks. The rattler used today is constructed specially 
for the purpose. It is an iron and steel barrel of the crossHsection 
of a 14-8ided polygon, about 20 inches long and 28 inches in diam- 
eter, inside dimensions, with a shaft projecting from each end. 
This barrel is mounted in a frame with the shafts horizontal and 
can be revolved by power. 

Ten dry bricks are weighed and placed within the rattler, 
together with an abrasive charge consisting of 10 cast-iron spheres 
weighing from 7 to 7^ pounds each and a sufficient number of 
cast-iron spheres from If to 1| inches in diameter and weighing 
from 0.75 to 0.95 pound each, to make a total charge of 300 
pounds. The rattler is then revolved 1800 times at the rate of 
29^ revolutions per minute. In this way the bricks are sub- 
jected to innumerable blows which are considered to imitate the 
conditions of service more nearly than any otiier test yet de- 

^ Mr. Tebbs makes this conunent: ''The area of a standard brick is about 
80 square inches and I consider about one-fifth or 6 square inches a very 
large allowance. I think that a reduction of not more than one-tenth of 
th6 area should be permitted.'' This comment is not approved by Mr. 
Blair on the grounds that experience has shown no ill effects from the rule 
of the Society, and to limit tne reduction of area to 10 per cent, would in- 
crease materially the cost of the bricks. 

* Mr. Tebbs advises adding the words, "not uniformly vitrified, badly 
laminated." The^phrasing o? the standard specifications was debated at 
great length before adoption, and uniform vitrification was not adopted 
as a requirement because no brick is uniformly vitrified, strictly speak- 
ing. Tne words ''badly laminated" are sometimes used, but objection 
has been raised to them as not conveying to the inspector the meaning of 
the engineer, which is to reject bricks having laminations that are separate 
one from the other, sometimes called "open" laminations. 



BBICK ROADS 161 

vised. When the test is finished, the bricks are taken out, all 
pieces of them weighing less than 1 pound are discarded, and the 
remainder are weighed. The loss in weight during the test, 
expressed as a percentage of the original weight, is the form in 
which the results are stated. 

The percentage of permissible loss in the rattler test is fixed 
at different amoimts in order to meet the conditions imposed by 
differences in travel and the experience of different locaUties with 
bricks of various grades. The American Society for Testing 
Materials gives the following scales of maxunum permissible 
losses for different classes of travel: 
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The New York and Pennsylvania State highway departments' 
specifications call for the mediirai-travel grade and Ohio and 
Illinois for the heavy-travel grade. In Illinois the wire-cut 
lug bricks are given 1 per cent higher permissible loss than the 
repressed bricks, which must conform to the tabulated require- 
ments. In that State there is a minimum permissible loss spec- 
ified, 17 per cent for wire-cut and 16 per cent for repressed bricks. 
The average permissible maximum loss may reach 25 per cent 
for wire-cut lug bricks if no individual brick loses more than, 
28 or less than 20 per cent, and may reach 27 per cent if the 
range of loss of every individual brick is between 29 and 23 per 
cent. With repressed bricks, the average loss may reach 24 
per cent, with a range of 27 to 19 per cent for every individual 
brick, and 26 per cent with a range of 28 to 22 per cent. These 
requirements put a premium on uniformity in the bricba, which 
many engineers regard as of importance in preventing unequal 
wear of the sxu'face of a brick road. They hold that where soft 
and hard bricks are laid together indiscriminately, some of the 
bricks are worn away more rapidly than where a pavement is 
laid with bricks of a more imiform quality. 

In New York and Ohio 30 bricks form a lot for sampling. 
These represent the hard, medium and light-burned briclra de- 
livered on the job, and each grade is tested separately. During 
testing there is a large percentage of failures in the abrasion test, 
partiaSly caused by the selection of light and hard-burned brick. 
The laboratory results obtained on such bricks serve as a guide 
in throwing out or culling part of the bricks on the job. 
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Some years ago the crushing strength and specific gravity of 
paving bricks were considered properties which should be speci- 
fied, but experience has shown that it is imnecessar^'^ to do so. 
Tlxe specific gravity of fire-clay bricks averages between 2.1 and 
2.25 and that of shale bricks between 2.2 and 2.4. The crushing 
strength of good paving bricks ranges from 10,000 to 20,000 
pounds per square inch, when the test load is applied over the 
entire top surface of the specimens, and may be higher if only a 
part of the surface is loaded. This is from five to ten times the 
probable maximum load on a pavement. 

The capacity of a brick to absorb water was formerly consid- 
ered an important indication of its porosity, and low porosity 
was held to be essential for strength and good sanitary proper- 
ties, which were then considered as particular advantages of 
brick pavements. With the improvements that have been made 
in the rattler test and the increased knowledge of the slight in- 
fluence of a wide range in porosity upon the sanitary value of 
such pavements, the absorption test has lost much of its former 
favor among roadbuilders. It affords useful information in 
comparing bricks made under identical conditions and for other 
research work, and it is still required by a few State highway 
departments. In Ohio, the bricks taken from a rattler after 
testing in that apparatus must not absorb more than 3? per cent 
of their weight of water during immersion for forty-eight hours. 
In Pennsylvania, the absorption of thoroughly dried bricks im- 
mersed in water for twenty-four hours must not exceed 3J per 
cent. 

Another test, formerly used extensively, probably because the 
apparatus for making it was available in many schools and easily 
obtained, is the transverse or cross-breaking test. It is now 
little used outside of New York and New Jersey. In the former 
State the test required by the highway department is to place 
the sample brick on edge on two parallel supports 6 inches apart 
and load it at the center until it breaks. If the distance in 
inches between the supports is represented by L, the load in 
pounds which produces rupture by TT, and the width and depth 
in inches of the brick by b and d respectively, the modulus of 
rupture will be SWL/2bcP, which must not be less than 2000 
poxmds in bricks for New York state work. 

Curbs 

Curbs are required along the sides and ends of brick pave- 
ments laid on a sand cushion or laid on natural soil and having 
sand-filled joints, in order to hold the bricks at those places and 
also, with some types of base, to hold the material of the base in 
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place. Planks have been used, but their short life compared with 
that of the pavement makes them undesirable, for nobody can 
foretell whether they will be renewed as they wear out. In 
some places stone slabs can be obtained for the purpose at prices 
which enable them to be used economically. Vitrified curbs are 
sometimes used, but require more carefiil bedding than stone 
curbs, because their shorter length and lighter weight render 
them more subject to displacement. Concrete is most gener- 
ally used for curbs. In country highway work the top of the 
curb is usually flush with the surface of the pavement. If a con- 
crete base is used, the ciu:b is usually an integral part of it, and 
is generally from 6 to 8 inches wide on top. If a concrete base 
is not used, the depth of the ciu:b must be governed mainly by 
the character of the subgrade, the frost hazard and the character 
of the shoulders. In any case it is desirable to have the top 2 
inches of the concrete curb not leaner than a 1:2:3 mixture, 
finished with a wooden float, and the outer siu'face should be 
spaded. This spading is done by placing a spade in. the form 
against the outer plank and roclong it back and forth so as to 
force the coarse aggregate of the fresh concrete away from the 
face. 

Where the bricks are bedded on mortar or green concrete, 
most engineers believe that curbs are not needed.^ If they are 
omitted special care must be given to providing firm shoulders 
along the marginal bricks. 

The Base 

A brick pavement requires an absolutely firm unyielding sup- 
port. An old macadam road thoroughly underdrained and se- 
cure against settlement or upheaval ,is considered a satisfactory 
support by some engineers. But it is rarely possible to find such 
a road, for usually the drainage is defective, the cross-section has 
too much crown, or the grades are wrong. It is then necessary 
to disturb the hard crust of the road and this is very Ukely to 
reduce materially its value as a foundation. In some parts of 
Florida, where frost is not to be feared, if the sand which pre- 
vails is held in place by curbs or planks and thoroughly rolled 
while damp, it makes a hard, unyielding support not subject to 
disturbance if good drainage is assured. On the other hand> the 
black soil of the prairie States, which absorbs water freely and 

* Mr. Marr states: "Experience in Illinois demonstrates beyond ques- 
tion that curbs are not needed under such conditions. We have had sev- 
eral instances where the edges of the bricks were^ exposed at intersections 
to a grinding action of wheels striking them at^ acute angles, and there 
seems to be absolutely no danger of the bricks being loosened at the edges 
under any conditions obtaining in ordinary service.'' 
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parts with it slowly, is an unstable material and a strong con- 
crete foundation must be provided for brick roads built over it, 
so that any differences in the supporting capacity of the subgrade, 
from one season to another or between adjoining places in the 
road, are equalized by the concrete slab and do not cause wav^ 
in the brick siuiace. 

The methods of constructing the road bed and preparing the 
subgrade are explained in the chapter on earth roads. It is 
necessary to have a uniformly firm subgrade, and if there are 
heavy cuts and fills the grading must be done carefully. It is 
desirable to allow the subgrade to go through one winter before 
putting down the pavement, although this is rarely practicable 
under the usual working conditions. The drainage is particularly 
important, on account of the difficulty of improving it, if defec- 
tive, after the pavement is laid. 

If the subgrade is firm and well drained, a 6 to 8-inch base of 
good gravel, broken stone, vitrified clay^ or slag, thoroughly 
consolidated by rolling, may prove sufficient for moderate trtdCc. 
Such a base should be built in two courses with all the care given 
to the best macadam construction. In some cases, second^ qual- 
ity paving bricks have been used for a base. The subgrade is 
covered with enough sand to give a depth of 2 inches after roll- 
ing with a hand roller. The No. 2 bricks are laid flat on this 
cushion, paraUel with the curb, and the joints are filled with fine 
sand. 

The best base for general use is concrete. A few years ago 
there was a general opinion that it should be 6 inches thick, but 
4-inch bases on well-built subgrades are giving satisfaction where 
frost action is not serious, and a thickness of only 3 inches or less 
is under consideration by some engineers. If a secure subgrade 
is provided, the best thickness is in part determined by the cost 
of the concrete. A 1:3J :6 mixture with ordinary materials, 
laid to form a 5-inch base, may be less expensive than a 1: 2^: 5 
mixture of better materials laid to form a 4-inch base. If gravel 
is used as the aggre^te, it is generally economical to screen it and 
then recombine it, if good concrete is desired. If good concrete 
is not desired, it will be better to leave out the cement entirely 
and use the money thus saved in putting down a good base of the 

^ Mr. Hinkle advises oliminating gravel and vitrified dav as materials 
for a base for this reason: "While lair foundations may be made from 
these materials, it so frequently happens that poor foundations r^ult 
from the use ot these materials that I think it well to Omit referring to 
them here and hence not encourage their use any more than necessary." 
Mr. Blair believes that the long experience with gravel foundations in 
places like South Bend, Ind., warrants their use. 
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macadam type.^ The thmner the base, the better the concrete 
should be. A 4-inch base of poorly graded, dirty aggregate and 
a pinch of cement is an invitation to early failure. C^e common 
defect is insufficient mixing. This should be done in a batch 
mixer which should be nm between 16 and 20 revolutions per 
minute, and after all the materials are in the mixer, the process 
should be continued imtil the mixer has made at least 15 revo- 
lutions. The surface of the concrete should be struck off by 
means of a transverse templet, drawn along the side forms, and 
be kept well wet for at least three^ days. No traffic should be 
permitted on the base for at least seven days after it is laid. On 
the Illinois state highways, if there are deviations exceeding { 
inch from the desired shape of the surface, they must be repaired 
if a sand-cement cushion, described later, is to be employed. 

The Cvshion or Bedding of the Bricks 

One of the causes which contributed to limit the serviceability 
of some early brick pavements was the imperfect way in which 
the bricks were supported on the base. The latter was covered 
with loose sand of inferior quality for its piu'pose, smoothed off 
roughly without being consolidated, and the bricks laid on it and 
driven to a bearing with a paver's tamper. The joints were 
then filled with sand and the roadway thrown open to travel. 
The surface was not smooth at the outset, traffic on it soon forced 
some bricks down more than others, and water percolating in 
cold weather through the joints into tihe sand cushion alternately 
froze and thawed, throwing the bricks into irregular positions. 
Under such conditions the edges of the bricks became chipped, 
and finally many of the bricks became broken and dislodged, 
leaving holes in the roadway. The lesson of this experience was 
so clear that for a number of years the importance of bedding 
the brick securely has been generally recognized. Today there 
are three methods of doing this, termed the sand cushion, sand- 
cement or dry mortar bed and monolithic or green concrete bed 
types. The purpose of each is to support the bricb^ securely at 
the proper elevation to give the pavement a smooth surface. 

SandrCvshion Type. — ^A sand cushion is primarily intended to 
smooth out the inequalities in the top of the base, which were 
formerly greater thaii good practice now permits, to provide for 
the slight variations in the depth of the bricks. Experience 

^ Mr. Tebbs advises the use of concrete exclusively as a base for brick 
pavements. Mr. Blair holda that experience at Cleveland, Terre Haute 
and other places. shows that under proper conditions a base of other ma* 
terial will prove satisfactory. 

' Mr. Hmkle advocates at least five days. 
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shows that the sand must be free from largp stones, which pre- 
vent satisfactory consolidation of the cushion^ and some engi- 
neers hold that it must also be free from loam, clay and matea^ials 
of a greasy nature when wet.^ Granulated slag is sometimes 
used instead of natural sand and is believed by some engineers to 
be superior to ordinary sand. Dry sand must be used, accord- 
ing to some engineers, on the ground that wet sand shrinks in 
drying and cannot be relied upon to support the bricks at the 
desired elevation. Other engineers believe ih&t somewhat damp 
sand is more easily handled and gives as good results. The 
thickness of this bed in the case of city streets has usually been 
2 inches of late, but where a concrete base is used for a country 
highway and is finished so that no part deviates more than \ 
inch from the true surface, a thickness of 1^ inches is enough. 
Or narrow roads where the concrete base is easily finished to the 
exact cross-section of the road, 1 inch is probably enough.^ 

The dry sand is cast over the base to a slightly greater depth 
thtm the proposed thickness of the cudiion. The extra depth is 
usually about ^ inch where a 2-inch cushion is desired. A plank 
templet, which is often provided with a steel edge, is then drawn 
over it to smooth it down to the prescribed cross-section. If the 
roadway is less than about 25 feet wide, this templet is supported 
at the ends by the curbs. If the roadway is wider than 25 feet, 
the templet is long enough to reach from one curb to a longitu- 
dinal plank support at the center of the road. The sand is con- 
solidated and brought down to grade by rolling it by hand, using 
a roller weighing 300 to 400 pounds. After rolling the surface 
is tested with the templet, the high spots reduced and the low 
places filled, and the rolling reputed. This process is repeated 
until a uniform surface at the desired elevation is obtained. The 
extra elevation of the templet in the first stage of the work is 

^Mr. Tebbs makes the following oomments: "Pennsylvania specifica- 
tions allow 15 per cent of loam and I advocate the use of a sand contain- 
ing loam, because it helps to bind it, thereby avoiding the shifting about 
which often occurs with clean dry sand. It has been proved that &y sand 
occupies less space than wet sand. Dry sand cannot alwavs be obtained 
without considerable expense, and 1 therefore think it advisable to use 
reasonably dry sand without requiring that it be dried, and as thin a 
cushion as it is practicable to use. The cushion should be 1 inch or less. 
This decrease in the depth of the cushion minimizes the shrinkage due to 
the drying of sand which was moist when placed." 

* Mr. Marr states: "It has been well demonstrated that the thinner 
the sand cushion between the rigid base and the brick wearing surface, 
the better, and its only function is to assure a smooth surface on the pave- 
ment. The use of the plain sand cushion is growing less every year and 
seems to have its greatest advantage in street paving where numerous 
subsequent openings may be expected and it is necessary to use a soft 
filler." 
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obtained by laying strips of wood of the requisite thickness on 
top of the curbs or other supports of the templet. 

If a road carries only light vehicles, a well consolidated sand 
cushion is a satisfactory support for the bricks. Heavy vehicles, 
whether drawn by horses or self-propelled, are believed to jar the 
road although definite tests with a seismograph or a similar in- 
strument are needed to determine the correctness of this opinion. 
It is certain, however, that if the roadway contains a railway 
track the whole structure will be jarred by the cars traveling along 
it. The sand cushion is not considered by many engineers to 
be a satisfactory support for bricks likely to be jarred, on account 
of the possibility that the repeated minute vibrations in it may 
cause parts of it to shift their position. This apprehension has 
led to the use of the sand-cement bed. 

Sandrcement Cushion Type. — ^The cushion consists of a dry 
mixture of one part of cement with three to five parts of mortar 
sand. These materials must be thoroughly mixed dry. If the 
cushion is to be 1 inch thick, as in Pennsylvania state work, the 
mixture contains less cement than if it is to be f inch thick as 
in the Illinois State work. The loose material is given about J 
inch greater depth than the desired thickness of the finished bed. 
The mortar is spread and shaped like a sand cushion. In Illi- 
nois, where the sand-cement bed has been used extensively, the 
shaping of the bed for the brick is considered of prime importance 
and the State highway department requires the contractor to 
employ skilled men for this part of the work. 

There is a difference of opinion as to the best method of moist- 
ening the sand-cement bed to convert it into mortar. Some 
engineers hold that the bricks shoiild be laid on the dry bed and 
roUed, and then the pavement should be sprinkled sufficiently 
to allow water to pass down the joints into the bed. This 
wetting down should be done as soon as the bricks have been 
roUed. The Pennsylvania highway department requires the 
mortar bed to be sprinkled lightly just brfore the bricks are laid. 
In any case, the mortar bed should not be laid so far in advance 
that any of it will remain exposed over night, and if any of it be- 
comes wet and the cement sets it must be replaced by dry material. 

Monolithic Type,^ — ^The monolithic or green concrete bed is not 
actually a cushion, for the bricks are laid on the fresh concrete 
base as soon as it has been finished. In this type of work steel 
side forms for the base are generally specified and curbs are 

^ A monolithic brick pavement was laid about 1904 in Terre Haute, Ind., 
on the recommendation of Street Commissioner Varrelman of St. Louis. 
It was on a railroad teaming yard and a private street to the warehouse of 
Hullmann <fe Company. This is probably one of the earliest uses of the 
type in this country. ' 
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omitted. The steel forms are considered necessary as supports for 
the heavy steel templet which is used. 

The concrete is placed in successive batches for the entire 
width of the pavement in a continuous operation. This concrete 
as placed has a slightly greater depth than the finished thiclmess 
of the base, and the workmen are guided in placing it by a light 
wood templet which rests on the side forms when in use. When 
it has been brought to a smooth surface of the desired shape, it 
is finished with a steel templet. This consists of a 6-inch steel 
I-beam in front and a 6-inch steel channel at the rear, held 2 
feet apart by a metal frame at each end. Each frame has two 
rollers 3 feet or more apart. These rollers rest on the side forms 
and permit the templet to be moved ahead easily and without 
jerks. Both beams are bent to the desired crown of the pave- 
ment. The lower flange of the I-beam is | to ^ inch lower thim 
that of the channel. The space between the two beams is kept 
filled with dry 1:3 mortar, tiioroughly mixed. As the templet is 
moved along, the I-beam shapes the fresh concrete accurately, 
and the channel leaves a thin, compacted bed of mortar on its 
surface, so that the bricks have a support which is true to grade 
in every respect. Experience shows that particular care must be 
taken in this type of construction to use concrete which will not 
flow but will quake. If it flows it will not support the bricks 
and if it does not quake it will be deficient in strength. The 
bricklaying should follow closely behind the templet before the 
concrete takes its initial set, and the workmen are required to 
move with special care over the bricks just laid. Some engineers 
require boards to be laid for the workmen to walk and stand on. 

Delivering and Laying Bricks 

In case ihe bricks are not tested at the plant, each carload 
must be sampled as it is delivered and the lot should not be 
allowed on the road until the samples have been tested and ap- 
proved. If this is not done, imperfect bricks are likely to find 
their way into the road, and the work of roadside inspection is 
made needlessly expensive and prolonged.^ 

^ Mr. Hinkle calls attention to the following paragraphs in the si>eci- 
fications of the Ohio State highway department: ''If all the bricks in a 
shipment or in several shipments of the same make and kind of bricks 
appear to be uniform in quality two samples of 12 each may suffice. If 
in a shipment there appears to be different classes of bricks, such as bricks 
that appear to be more or less burned than others, a representative lot 
of 12 bricks is to be secured for each class of bricks, exclusive of the culls. 
The approximate number of each class sampled snould be given on the 
notification card accompanying the samples. Unless otherwise ordered 
by the Engineer, at least one lot of samples should be taken for every 
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Bricks are liable to considerable injury if handled roughly, 
and to prevent such injury to them after their acceptance by 
test many engineers specify the manner in which they shall be 
handled. The requirements of the Illinois highway department 
are as follows: 

Before the fine grading is finished, the bricks shall be hauled and neatlv 
pUed without the edging line in sufficient quantities to complete the brick 
sujrface. Clamps and conveyors may be used in connection with the 
work but the bricks shall not be dumped from industrial cars or vehicles, 
nor shall they be thrown to piles or to industrial cars or to vehicles. The 
bricks shall not be piled in any place where they will be likely to be be- 
splattered or covered with mud or otherwise injured. In delivering the 
bricks from the piles for placement in the pavement, no wheeling in bar- 
rows will be allowed cfn the brick surface, but they shall be carried on 
pallets. They shall be placed upon the pallets so that when delivered to 
the dropper they will lie in such order that each brick in the regular oper- 
ation of placing it ui>on the foundation as prepared, will bring the lugs in 
the same direction with the best side uppermost. 

The bricks are laid with the best side up and the projections 
for spacing all in the same direction; in highway work they are 
laid in rows or courses at right angles to the curb. Alternate 
rows commence with a half brick at the curb and the joints in a 
row must be at least 3 inches from those in the row last laid. 
When the row reaches the curb towards which it is laid it must be 
completed with a bat at least 3 inches long. The fractured end 
of a broken brick must be toward the center of the road. Brick 
laj^ers generally carry three or four rows across the roadway 
simultaneously, as this enables them to save considerable walk- 
ing. The bricks are laid from the bricks already in place, and 
no walking is permitted on the cushion or dry mortar bed. In 
order to keep the cross joints of uniform width, after about six 
or eight rows have been laid, a 4 x 4-inch timber 3 feet long is 
moved along the face of the last row and tapped lightly with a 
sledge. 

After the bricks are laid the surface is swept clean and inspected. 
The soft bricks are replaced by good ones; they are detected by 

100,000 bricks, care being taken to secure bricks from different parts ol 
the cars or piles so that the samples submitted will be representative of 
the bricks to be used. If at any time a shipment of bricks is received in 
which the quality of the bricks does not appear equal to that of the sam- 
ples previously submitted, additional samples should be immediately 
sent to the testing laboratory. A sufficient number of samples in every 
case should be taken to insure the use of bricks of proper quality, but it 
should be borne in mind that the charges for transportation are high and 
only a sufficient number of samples should be submitted for test, whiob 
will permit of proper control of the quality of bricks used." 
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Thousands of Bricks Required t& Pave a Mile of Road of Different 
Widths with Different Numbers of Bricks per Square Yard 
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dampening the surface of the road for they absorb moisture 
more quicSdy than the others. Bricks which are badly broken, 
spawled or misshaped are turned over or repkiced by good ones, 
but slight chipping of the comers is not considered serious.^ 
The surface is ^en rolled, for which purpose a tandem self-pro- 
pelled roller weighing 2| to 4 tons is employed where a sand 
cushion is used and a hand roUer about 2} feet long and 2} feet 
in diameter, weighing about 600 poimds, is preferred for mono- 
lithic pavements. The rolling should be^ at one side of the 
road and proceed back and forth on lines slightly inclined toward 
the center of the roadway. When the center is reached the roller 
should be used on the other side of the road in the same way. 
Parts of the pavement which cannot be reached by the roller 
are rammed with a paver's tamper weighing about 50 poirnds, 
the blows being struck on a 2-inch plaiSc: 10 to 12 inches wide 
and at least 6 feet long. 

After the rolling, the pavement is again inspected and any 
bricks which have been broken or seriously injured are replaced. 
The joints are examined, and if the sand-cushion has been forced 
up into them more than } inch in the SjEind-cushion t3rpe, the 
bricks are lifted out, the cushion reshaped, and the bricks relaid. 
This inspection of the joints is only necessary where a sand cushion 
is used. 

^ Mr. Hinkle considers that it is very desirable for all defective bricks 
to be culled out before the bricks are laid in the pavement. This will not 
only save the expense of replacing the defective bricks with good ones, 
but will avoid disturbing the cushion. This is more important with tht 
monolithic than with other types of pavement. 



BBICE BOADS 171 

Fitting Jointi 

Joints between the bricks are filled with sand, cement grout 
or bituminous material. Sand is objectionable because it gives 
very little support to the bricka, allows their edges to become 
chipped, and permits water to percolate down into the cushion. 
It is no longer employed except for roads for light travel, where 
the saving in first cost is considered more important than the 
probability that maintenance expenses will become high at an 
early date. 

Grout FiUera. — The grout filler is strongly advocated by many 
engineers on the ground that it holds the bricks firmly and does 



Box ron Mixinq Gbottt 

not wear away more rapidly than the vitrified clay. This claim 
rests upon the assumption that good grouting is done, for poor 
joints of this type are chipped out by horses' shoes and thus al- 
low the edges of the bricks to become broken. If the grouting 
is properly done this will not happen.^ It is extremely im- 

*Mr. Marr otatea: "The oement -grouted pavement seems to be the 
most jaatisfaotory for oountry highwayB, and this has ted us in our studies 
in Illinois to attach great importance to the perfection of the grout filler. 
We have been workmg along the line that, theoretically, the earth itself 
is the foundation for the pavement and is in itself wholly adequate, if it 
is thoroughly settled and properly drained. In other words, we hold that 
ordinary dry earth sustains any load which we place upon it while it ia 
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portant, however, with cement filler that a rigid foundation be 
secured. 

Grout for filling joints should be made of equal parts of cement 
and clean, sharp, sand mixed thoroughly while dry. As a gen- 
eral rule, all of it should pass a No. 10 sieve but not more than 30 
per cent should pass a screen having 50 meshes to the inch, 
^ter the sand and cement are thoroughly mixed dry, water is 
added to bring the mass to a condition somewhat thinner than 
thin cream, so it will flow into the joints without any separation 
of its ingredients. The mixing is kept up continuously, either 
in a small batch mixer or the box shown in the accompan3nng 
illustration. The tendency on extensive work is to use a batch 
mixer equipped so it can be used for applying the grout. If the 
box is used, about 2 cubic feet of the dry mixture is made into 
mortar in each batch. The best grout is obtained when the 
water is added slowly. 

The surface of the pavement to be grouted is cleaned, well 
wet, and then covered with enough grout to about fiU the 
joints. The grout is taken from the mixing box in scoops and 
after it is poured from them it is swept into the joints, usually 
with coarse rattan brooms, After a 50-foot section of road has 
had the joints filled in this maoner, and before the grout first 
poured begins to set, a somewhat thicker grout is made and 
applied on the same surface. It is brushed into the joints with 
squeegees having rubber edges where they rest on the pavement. 
This process of applying the relatively thick grout and brushing 
it into the joints with squeegees is continued imtil the joints are 
completely filled. It is very desirable to apply the grout, so far 
as possible, to the exact parts of the pavement where it is to fill 
the joints. If any great excess of grout is applied at one place in 
the pavement and swept to another place, the cement and sand 
are liable to become separated and defective grout will result. 
If the bricks have rounded edges, the squeegees should be jpressed 

in this condition, and that the real problem is to keep it in this condition 
by covering and waterproofing it with some material which will withstand 
the abrasive action of traffic. This, in turn, leads us to believe that if we 
use a thin base, such, for instance, as 2 inches of sand and cement mixed, 
or even 1 inch, or even, theoretically, i inch, the properly grouted bricks 
will then withstand successfully the action of any such tra&c as we have 
at the present time. 

"The mortar bed has for its prime function the insurance of a perfect 
grout joint, by preventing earth or other foreign matter from working 
up into the bottom of the joints during construction. It has a secondary 
value in enabling us to obtain a smoother wearing surface by facilitating 
the proper grading of the bed on which the bricks lie by the use of mechan- 
ical methods such as templets. We have built a 6-mile stretch of brick 
road 9 feet wide, on a 1-inch mortar bed base, which 1 believe will demon- 
strate the correctness of the theory we are now holding.'* 
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firmly against them on the last brushing so that no thin edges 
of grout will remain on the surface, for they break away very 
soon and are liable to pull a part of the joiiit filler with them. 

To prevent the grout from flowing through the joints beyond 
the limits of the section where the filling is being done, strips of 
^ inch steel 6 inches wide and 3 feet long are inserted in the 
last transverse joint, to act as a dam imtil after the initial set of 
the cement. 

After the surface has been inspected, it is the practice in Illi- 
noip to cover it with sand, which is kept wet for ten days, and no 
travel is permitted on the road for three weeks after the grout 
has been poured. In Ohio and Pennsylvania, the sand is kept^ 
damp for at least five and four day^ respectively, and travel is 
kept oflf for at least ten days. In New York travel is kept off 
for ten days, and the covering must be kept moist for that period. 
The National Association of Paving Brick Manufacturers ad- 
vises keeping the covering wet for four dayB and travel off the 
road for fifteen days. 

Bituminous FiUers. — ^Bituminous fillers vary greatly in qual- 
ity, and the experience with some of the materials tried has not 
been satisfactory. The filler should not become soft during hot 
weather nor brittle during cold weather, it should adhere to the 
bricks, and it should not be injured by water. A 1 : 1 bituminous- 
sand mastic filler has recently been used considerably. Ob- 
viously climatic conditions should govern the selection of the 
material in some degree, for a filler suitable for the brick pave- 
ments of Florida might prove unsatisfactory during a New 
England winter. 

The Ohio State requirements for asphalt fillers are as follows: 

Specific gravity, 0.98 to 1.04. 

Solubility in chemically pure carbon disulphide, at least 99^ 
per cent. 

Matter soluble in 86^B. paraflSn naphtha, 25 to 40 per cent. 

Ldmits for penetration 
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Melting point by cube method, SO'^C. to 120°C. 
It shall be free from water and not foam when heated to 350**F. 
The Ohio State requirements for coal tar pitch fillers are as 
follows: 
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Specific gravity at 26*'C., 1.23 to 1.3. 

IVee carbon on extraction with carbon disulphide, 20 to 40 
per cent. 

Inorganic matter on ignition, 0.5 per cent. 

Melting point by cube method, 67**C. to 63°C. 

It shall be free from water and not foam when heated to SOO^F. 

These bitmninous fillers are used hot and the bricks should 
therefore be dry when the joints are poured. If a sand-cement 
bed is used, the water for it must be applied through the joints, 
if it is added in that way, long enough before the joints are filled 
to permit them to become dried out. 

The filler is melted in a kettle, from which it is usually drawn 
into funnel-shaped pourers terminating m a nozzle having an 
opening about J inch in diameter, with a valve by which the 
flow t£'Ough it can be regulated. This is held over the joint, 
with the nozzle projecting into it, and carried along slowly. The 
joints are somewhat overfilled by the pourer, on the theory that 
the early travel on the pavement will force some of the siuplus 
material into the joint and make it more dense. After the joint 
is poured, some engineers have it dusted over with sand, and it 
is customary to keep traffic off the pavement until the filler has 
cooled. 

A mixtxu'e of tar and sand, called a ''mastic filler," has been 
used to some extent. The hot tar and heated sand are mixed 
in equal volumes. A softer grade of tar is used in the mixture 
than that called for by the Ohio specification for a tar filler. 
This mastic filler is flushed into the joints by poinding it onto the 
pavement and spreading it with a squeegee. 

It is particularly desirable to roll the bricks and fill the joints to 
within at least 50 feet of the bricklaying work. If rain falls and 
the cushion becomes saturated, it is impossible to roll the bricks 
to a firm condition, for the wet sand allows them to rock and the 
cushion is forced up into the joints. By lifting out a brick here 
and there, the height of the sand in the joint can be seen and the 
character of the rolling judged from it. 

Expansion Joints 

In the early days of brick street pavements, the bricks at the 
crown of a street occasionally rose in summer as a result of the 
expansion of the pavement by heat. To remedy this, joints 
filled with some compressible material were laid along one or 
both cxu'bs, and some engineers used similar transverse expan- 
sion joints at intervals of 50 to 75 feet. The longitudinal joints 
have proved useful, but there is some question as to the value of 
the transverse joints in street pavements. The objection to 
transverse joints is that they «u:e worn away rather rapidly and 
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this causes the travel to chip off the edges of the bricks separated 
by them. Whenever this chipping occurs to any extent, the 
pavement soon develops a rut or hole. Cracks in a country 
road, if properly filled when they first open and kept filled after- 
ward, do not injure it appreciably, and it is generally consid- 
ered that transverse joints in a brick wearing surface, to prevent 
transverse cracks, are more likely to cause than prevent trouble. 

Expansion joints are of two types, poxu-ed and prepared. The 
former are made by placing a board filler of the thickness of the 
joint against the curb and laying the bricks against it. The 
Maryland rule for the thickness of the* joints is as follows: On 
streets 30 feet or more wide, IJ inches next each curb; on 20 to 
30-foot streets, 1 mch next eadi curb ; on 12 to 20-foot streets, f inch 
next each curb; on streets imder 12 feet, f inch next one curb. In 
Pennsylvania a i-inch joint at each curb is specified. ^ On the 
Illinois brick roads with a sand-cement base a |-inch joint along 
one ciu'b is used. The plank filler usually consists of two thin 
6-inch boards of a wedge-shape cross-section, dressed on both 
sides. One of them is laid against the ciu'b with the thin edge on 
the base, and the other is placed against it with the thick edge 
downward. The combined thickness of the two is equal to the 
thickness of the joint. Handles are attached to their upper 
edges, so they can be lifted out when the grout filler which has 
been poured has set. Tiie filler for poured expansion joints should 
meet the requirements for the filler for other joints of this type* 
With the monolithic and sand-cement cushion types of pavement, 
the joints should be filled as far as the bricks are laid, each day. 

Prepared fillers are now extensively used. They are strips 
of bitmninous material or some kind of felt or fabric impreg- 
nated with bituminous material. They are placed against the 
curb and the bricks laid against them, thus doing away with the 
board fillers required with poured joints and making it imneces- 
sary to provide heating kettles on pavements with grouted 
joints. 

Experience on the Pennsylvania State highways has shown 
that a prepared filler extendmg the full depth of the brick some- 
times permitted water to penetrate from the road surface into 
the cushion, where it froze and heaved the bricks. It is there- 
fore considered advisable on that work to^ have the prepared 
filler stop from f to 1 inch below the surface of the road and to 
fin the top of the joint with hot bituminous material. 

Where a cement-sand bed is used, si f inch prepared expansion 
joint extending through the entire pavement is recommended 
by some engineers; it is placed in two strips, the first or bottom 
strip being placed in the concrete base, and the second strip im- 
mediately above it when the bed and bricks are laid. 



176 AMEBICAN HIQHWAT ASSOCIATION 

Sfnall Cvbical Brides 

Shortly after small stone blocks were introduced in Europe for 
constructing pavements having the trade name of ''Durax/' the 
county superintendent of Monroe Coimty, N. Y., J. Y. McClintock, 
employed cubes measuring 2 to 2^ inches on a side for resurfacing 
old macadam roads to resist motor traffic. In 1916 he stated that 
vitrified clay cubes had given better results than those of other 
materials. Those laid in 1916 were 21 inches in each dimension, 
weighed about 1 pound each, and were laid 225 to the square 
yard. The only specification for the cubes is that they must not 
absorb more than 3 per cent, of their weight when immersed in 
water. They have been laid on a gravel base, broken slag, broken 
fitone and concrete, and the joints are filled with any local fine 
material. It is considered advisable to make the base several 
feet wider than the roadway, so that the gravel or broken stone 
shoulders adjacent to the cubes shall be supported rigidly and 
the tendency for the border cubes to become displaced will be 
minimized. 

AaphorBric 

During 1915 and 1916 attention was directed to the possibilities 
of asphalt impregnated brick. The idea of impregnating brick with 
bituminous material is not new. In 1893 brick boiled in coal tar 
were laid in Portland, Ore., and remained in service 17 years. 
About 1907 nose brick boiled in asphalt were laid along the tracks 
of the Los Angeles Electric Railway Corporation and 2500 simi* 
lar brick were laid along tracks in San Francisco about 1912. 
Brick boiled in bitmninous material have also been laid in Nash- 
ville and Chattanooga. 

The method of treating brick which came into prominence in 
1915 is designed to fill completely the pores in the brick. As the 
porosity of different grades and makes varies considerably, the 
quantity of impregnating material required will range from about 
6 to 15 per cent of the volume of the brick. As a result of the 
treatment it is claimed that the brick become impervious to mois- 
ture, the bituminous jointing material adheres more firmly to the 
treated than to the untreated brick, and the wearing properties, 
as indicated by the standard rattler test, are greatly improved. 
This last advantage is indicated in the accompanying tabulation 
of tests of untreated and treated "second" brick conducted by 
Robert W. Hunt & Company. Each test was made with five 
untreated and five treated brick, 225 pounds of small shot and 76 
pounds of large shot, the rattler making 1800 revolutions at the 
rate of 30 revolutions per minute. The increase in wear due to 
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B4iuli$ of t$$i9 of untrgaUd and tupJialt impregnated brick. Each eampU 

contiMied of five untreated and five treated brick 



Weight in pounds: 

Before treatment 

After treatment 

Asphalt used 

Loss in weight, pounds; 

Untreated 

Treated 

Loss in weight, per 
cent: 

Untreated 

Treated 

Broken brick: 

Untreated 

Treated 



50.66 

56.76 

6.09 

27.02 
8.38 



53.34 
14.77 

1 




48.81 

54.01 

5.20 

17.39 
8.96 



35.63 
16.59 






46.50 

48.97 

2.47 

28.81 
6.22 



61.96 
12.70 



3 
3 



53.35 

55.77 

2.42 

17.19 
10.07 



32.22 
18.06 


1 



45.25 

47.49 

2.24 

13.93 
6.51 



30.79 
13.71 








48.65 

51.33 

2.68 

11.88 
6.83 



24.42 
13.31 








49.75 

54.60 

4.85 

19.57 
7.36 



39.34 
13.48 






47.95 

49.94 

1.99 

13.63 
6.46 



28.43 
12.94 






50.08 
54.SS 

4.50 

11.78 
6.25 



23.55 
11.46 






impregnation will, it is stated, enable manufactiLrers to stop their 
burning at a lower temperature than is now customary, thus 
materially reducing the number of poor brick in a kiln, and to 
obtain the necessary strength by impregnating the brick. It is 
also claimed that grades of brick unsuitable for pavements may 
be made into satisfactory pavers by impregnation. For example, 
impregnating clay builcfing brick with 11.3 per cent of asphalt 
gave a product showing 9.3 per cent loss in the standard rattler 
test, although imtreated brick showed 100 per cent loss after 500 
revolutions. Shale building brick which showed 42.4 per cent 
loss in the rattler test before they were treated, lost only 17 per 
cent after treatment. Sand-lime brick which showed 100 per 
cent loss after 400 revolutions lost only 23 per cent after being 
impregnated with 10 per cent of asphalt. Impregnating clay 
and shale building brick with 8? per cent of asphalt reduced the 
loss in the rattler test from 40.9 to 14.2 per cent. The impregna- 
tion of the brick also reduces their absorption of water to practi- 
cally nothing. 

The asphalt-impregnating process begins when the brick are 
removed from the tains or dryers. They are loaded on small 
cars which are run into a cylmder. There they are heated to 
about 300°F., which expands them, and a vacuum is produced 
in the cylinder to remove all moisture from the brick and leave 
their pores open. The cylinder is then filled with a special grade 
of asphalt at a temperature of 350°F. and the cylinder put under 
heavy pressure until the gauges show that impregnation is com- 
plete. The asphalt is drained off and pressure again appUed 
until the brick have cooled. During cooling they contract some- 
what, causing the asphalt to become sealed in the pores. 



A BRICK PAVEMENT ON A ONE-INCH CON- 
CRETE BASE' 

A brick pavement was laid in 1917 in Stockland township, 
Iroquois Coiinty, Illinois, on a one-inch concrete base. This 
pavement is 9 feet wide, and the contract is for about 6^ miles, 
of which about 3 miles has been constructed. The contract 
price for this work is approximately $8700 a mile, of which about 
$300 is for bridges and culverts and about $450 for grading. 
The price for the slab alone is $1.50 per square yard. 

Tlus pavement is being laid on an old gravel road for a f oim- 
dation and, in order to secure the full benefit of this old material, 
the gradient of the new pavement varies but slightly from that 
of the present road. By not disturbing the old gravel, it has 
been possible to secure a very firm subgrade and we have no doubt 
but the pavement will prove very satisfactory. The concrete 
base is composed of 1 part cement to 2^ parts fine aggregate and 
4 parts coarse aggregate. The fine a^regate consists of sand 
all of which passes a ^-inch mesh. The coarse aggregate con- 
sists of material which would be retained on a ^-inch mesh and 
passes a ^-inch mesh. As a matter of fact, there is very little 
of this material which will not pass a f inch mesh and it is the 
same type of gravel that is conmionly used for roofing purposes. 

I have no doubt but this pavement would be practically as 
good as if the brick had been laid directly on the old gravel road, 
but in a construction of this kind, it is necessary to have some 
sort of a concrete base in order to secure a perfectly smooth and 
uniform surface on which to lay the bricks. 

The subgrade was thoroughly rolled and all soft places, of 
which there were very few, were removed and the subgrade 
brought up to a true plane by the addition of fresh material which 
was thoroughly compacted. Before concrete was placed, the 
subgrade was well wet; after the concrete was placed, it was 
struck off by means of a template and the bricks were laid di- 
rectly on the green concrete. 

Two brick setters were used on this job and by having a brick 
hammer on each side of the road, the setters not only started but 
finished the courses, as on a pavement of this width no bats, except 

^ By Rodney L. Bell, Division Engineer, lUinois State Highway De- 
partment. 
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one half-eized brick, are required in starting and finishing the 
courses. Bricks were carried on to the pavement in such a way 
that the good side of the bricks was always placed up and the 
luge all in one direction. By requiring the brick carriers to use 
some care, a large amoimt of the culling which ordinarily takes 
place^ on a brick road was eliminated. Just as soon as the bricks 
were culled, the pavement was swept and the rolling started. 

One man did nothing but keep the roller moving the entire 
time. It was a small fuEuid roller about 30 inches in length and 
24 inches in diameter and when filled with water weighed about 
700 poimds. This weight was sufficient to secure a good surface 
over the entire length of the pavement. The first rolling was 
begun at the outer edge and the pavement was rolled parallel to 
the center line of the pavement. After the entire surface had 
been covered in this way, the pavement was cross-rolled in oppo- 
site directions, the roller making an angle of about 45 degrees 
with the center line of the pavement. 

In order to allow plenty of time to secure a thorough job of 
rolling, the grouting machine was kept about 100 feet behind the 
brick layer. The grout mixture consisted of one piu*t cement and 
1 part of sand mixed in a machine designed for this purpose. It 
was the intention to practically fiU the joints at the first appli- 
cation so that after the grout had had a chance to settle, it would 
leave from § to f inch to be filled with subsequent applications. 

The second application of the grout was mixed slightly thicker 
than the first, and was wheeled back over the pavement from the 
jnixing machine rather than bother with moving the machine 
back over the pavement a second time. This application was 
worked into the joints by use of a squeegee and on the final going 
over, the squeegees were pulled at an angle of about 45 degrees 
with the joints in order to secure a better surface and to keep 
the grout from being dragged out from between the brick. 

After the grout had set sufficiently, the pavement was covered, 
with 1 inch of loose dirt, which was kept wet for one week. The 
pavement was opened to traffic after it had been down three 
weeks. 

This work is being paid for by a bond issue which has been 
voted by Stockland township, Iroquois Coimty, and is imder 
the general supervision of Benj. Jordan, county superintendent 
of highways of Iroquois County. 



HIGHWAY BONDS^ 

The mathematical theory of interest as applied to bond cal- 
culations is explained in a section of Bulletin 136 of the United 
States Department of Agriculture which has tables of much 
value to those making a detailed examination of the subject. 
For the usual purposes of highway officials, however, the much 
simpler tables which are printed herewith are not only sufficient 
in scope but also more easily used. 

The' bonds used almost universally until a few years ago were 
of the sinking-fimd type. Parties issuing them have to provide 
annually during the term of the bonds the stipulated interest 
and, theoreticaUy, set aside a sum at interest which will amount 
at the end of the term to the principal of the bonds. This an- 
nual sum set aside at interest is called the sinking fund, and the 
amount which must be raised for such a fimd depends upon the 
interest it bears. This interest is usually quite low in comparison 
with the interest paid on the bonds. 

Unfortunately the financial methods of public officials do not 
alwa}^ remain above criticism and it often happens that the annual 
payment into the sinking fund is forgotten or neglected.* Some- 
times the money accumulated in the sinking fund is diverted 
from its purpose. Such departures from soimd finance result in 
a lack of money to pay off the bonds when they become due, as 
agreed, and it then becomes necessary to issue a new series of 
bonds to carry this indebtedness. This is a serious matter when 
the improvements for which the bonds were issued have become of no 
further use, as in the possible case of a worn-out road surface, 
or obsolescent, as in the possible case of an overloaded bridge^ 
when the taxpayers who contribute for the second bond issue are 
obliged to pay for something for which they receive little or no 
benefit. This is not equitable, and so some states fix the term 
of bonds which may be issued to pay for certain classes of im- 

^ Revised by B. K. Coghlan, associate professor of highway engineer- 
ing, Agricultural and Mecnanical College of Texas. 

'Baker, Watts & Co., bankers, of Baltimore, make the tollowing com- 
ment: *'We view it as a very serious matter to neglect the sinking fund, 
regardless of the character of the improvement for which the bonds are 
Issued. We think that public officials cannot be too forcibly impressed 
with the absolute necessity of managing public funds strictly in accordance 
with the laws and ordinances authorizing bond issues, and any neglect or 
diversion o| public sinking funds should be summarily dealt with.'' 
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the end of the first retirement period is mainly for interest and 
that at the end of the last period is mainly for retiring the last 
of tile outstanding principal. The advantage of the plan is that 
it retires some principal annuaQy and thus saves the taxpayer 
the expense of pa3dng interest on the whole of a bond issue dur- 
ing its term. This makes annuity bonds less expensive than 
sinking fund bonds to the county issmng them. 

The annuity bond issue possesses the advantage of requiring 
the same amount to be raised each year, during its term. The 
annual pa3rments must be adjusted, however, so that the amount 
of principal retired will be some multiple of $100, $500 or $1000, 
or whatever sum is the face value of one bond. Consequently the 
actual payment on annuity issues at the end of a retirement period 
is not the uniform theoretical amount given in bond tables but 
an amount varying slightly from it, sometimes more and some- 
times less.^ 

Hie serial bond issue is a type which has found favor with both 
borrowers and lenders. The farmer finds it desirable because it 
retires each year a part of the principal, and is tiius more econom- 
ical than a sinking fimd bond issue. The purchasers of the bonds 
like them because there is a strong public sentiment in favor of 
'sa'ial bonds, which gives them standing as a good type of invest- 
ment security. It is the least expensive method of borrowing 
money by issuing bonds, as an examination of the accompanying 
tables wfll show. 

One defect of sa'ial bonds for certain classes of public im- 
provements is that the heaviest payments for interest and the 
retirement of principal must be made in the early years of the 
term of the bonds, before the work for which they pay has yielded 
any returns. Consequently what are known as deferred serial 
bonds are now used to meet such conditions as often arise in 
road districts. With such a type of bond, no principal is retired 
until a certain period, usually five years, has elapsed. During 
this period int^est is paid but nothing more. Thereafter the 
principal is retired by imiform amoxmts and the interest charges 
are met just as in the case of straight serial bonds having a term 
shorter by five years, or whatever is the deferred period. In 
this way a road district need not pay anything but interest until 

^ The following comment on this type of bond has been received from 
John S. Harris, of the banking house of Sidney Spitzer and Company, 
Toledo: ''We would not suggest your recommending the installment 
(annuity) bonds, as they are very hard to figure and hard to dispose of. 
It is necessary to figure each year when you collect- your coupons the 
amount of principal and the amount of intere&t. A serial bond answers 
the same purpose and is much more attractive to the investing public. 
Road bonds should not be issued in any other way than as serial bonds, as 
every one knows that issuing long-time road bonds is wrong." 
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the improvements have begun to yield a return and it need not 
pay so much for the use of money as when it issues sinking fund 
bonds. 

The question which taxpayers generally put to public officials 
regarding a bond issue is what increase such an issue will make in 
the annual taxes. A series of examples will show how the ac- 
companying tables can be used to answer such questions. 

What is the tax rate for a $300,000 issue of 5 per cent, 40-year 
bonds, retired by a sinking fund drawing 3 per cent, when the 
tax valuation of the road district is $9,300,000? 

The table of the annual cost of sinking fimd bonds shows that the 
annual cost of a $1 bond of this class is 6.326 cents. The annual 
cost of a $300,000 issue will be $18,978. The additional tax per 
$100 valuation in the district will be $18,978 -^ 93,000 = 20.407 
cents. Any taxpayer can find out what his additional tax will 
be by multiplying 20.407 cents by the number of himdreds of 
dollars worth of property for which he is assessed. If his prop- 
erty is assessed at $2000, for example, his additional tax for 
roads will be $4.08. 

How much money would be saved by issuing annuity rather 
than sinking fund bonds in this case? 

The annual cost of a l-doUar 4-per cent, 40-year annuity bond 
is shown by the table to be 5.828 cents, so the annual cost of a 
$300,000 issue wilh be $17,484. The additional tax per $100 
valuation will be 18.8 cents, or 1.607 cents less than under the 
sinking fund system. The man whose property is assessed at 
$2000 would save 32 cents, and the district as a whole would 
save $1494.51, which would go a long ways toward paying for 
the engineering expenses of the road improvement. 

What is the least expensive type of a $300,000 issue of 5 per 
cent, 40-year bonds to the above district? 

The four accompan3dng tables show that the straight serial 
bond is the least expensive type, for the average annual cost of 
a 1-dollar bond of this type is 5.062 cents. This is equivalent 
to $15,186 for a $300,000 issue. The additional tax per $100 
valuation will be 16.329 cents, 4.978 cents less than imder the 
sinking fund type, which will save 81 cents to the man having 
property assessed at $2000. The saving to the district will be 
$3792 as compared with a sinking fimd issue and $2298 as com- 
pared with an annuity issue. 

The drawback of a straight serial bond can be seen from the fig- 
ures of the payment needed at the end of the first and the fortieth 
years, 7.5 and 2.625 cents respectively on a l-doUar bond. Road 
improvements do not yield any benefits until completed, and by 
deferring payment on the principal for five years, the additional 
cost to the commimity will average only $939 a year. The 
maximum annual amount will be somewhat higher than in a 
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straight 40-year serial issue, because the principal must be re- 
tired in 36 years instead of 40 years, but this disadvantage may 
not outweigh the desirability of deferring the repayment of tlie 
principal. 

The management of a bond issue requires attention to all the 
requirements of the laws governing such matters and a knowledge 
of the conditions which affect the value of bonds. Every step 
which the law requires to be taken in connection with such bonds 
must not only be taken properly but recorded fully and clearly. 
As soon as the voters authorize the issue, a statement of the fact 
should be drawn up, showing also the area, population and as- 
sessed valuation of the district, the value of its agricultural and 
industrial products, its material resources and the extent of their 
development, the banking and transportation facilities serving 
it, the existing indebtedness of the district, the condition and 
number of the schools, and all other information which will indi- 
cate the resources and character of the community that has de- 
cided to borrow the money. This information should be sent 
to banking houses and insurance companies making a specialty 
of purchasing public bonds and, if the issue is a large one, it 
should be advertised in financial journals. There should be 
ample time between the publication of these notices and the sale 
of the bonds for purchasers to make a full investigation of them. 

^ Private sales of bonds for public works should be discouraged 
all sales of bonds should be publicly advertised, and bidders 
should be invited to submit sealed bids on or before a certain 
date. The bonds should be sold to the highest responsible bid- 
der who complies with all of the terms and conditions of the sale. 
The city or county should reserve the right to reject any or all 
of the bids, as a protection against any effort to pool bids and 
purchase the bonds at a price considerably less than their value. 

Some cities and counties engage competent attorneys, familiar 
with the preparation of the legal papers pertaining to bond is- 
sues, to examine the records prior to the sale and to prepare all 
necessary forms. The city or coimty assumes the expense for 
all such work and furnishes the successful bidder with the approv- 
ing opinion of the counsel thus engaged and with the executed 
bonds. Some cities and counties go even further by providing 
uniform proposal blanks for the bonds and refusing to accept bids 
not made on such blank. The advantage of these provisions is 
that the seller knows he is offering a legally and validly issued 
bond, the buyer has the same assurance, and the value of the is- 
sue is certainly enhanced thereby. The seller is imdoubtedly re- 
imbursed for the expense incurred in such preparatory work by 
the price he receives for the bonds. 

^This and the next paragraph were prepared by Baker, Watts & 
Company. 
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Annual coii of a 1 -dollar tinking-fund bond for different terms , interest 
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Variations in annual cost of a 1 -dollar serial bond for different terms and 
rates of interest^ the principal being retired by the same amount at the 

end of each year 
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Variations in annual cost of a l-dollar deferred serial bond for different 
temu and rates of interest, the principal being retired by the same amount 
at the end of each year beginning with the end of the sixth year 
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Sixth year 

Last year 

Average 

1-6 years 

Sixth year 

Last year 

Average 

1-5 years 

SixtK year 

Last year 

Average 



BATl or ZnrBBSITf PSB omT 



4.26 



etntM 

4.000 
24.000 
20.800 
13.200 

4.000 
14.000 
10.400 

9.407 

4.000 

10.667 

6.933 

7.600 

4.000 

9.000 

5.200 

.6.480 

4.000 
8.000 
4.160 
5.733 

4.000 
7.333 
3.467 
5.200 

4.000 
6.857 
2.971 
4.800 

4.000 
6.500 
2.600 
4.489 

4.000 
6.222 
2.311 
4.240 



4.6 



eenU 

4.260 
24.260 
20.850 
13.400 

4.250 
14.250 
10.425 

9.641 

4.250 

10.917 

6.950 

7.762 

4.250 
9.250 
5.213 
6.635 

4.250 
8.250 
4.170 
5.883 

4.250 
7.583 
3.475 
5.347 

4.250 
7.107 
2.978 
4.947 

4.250 
6.750 
2.606 
4.630 

4.250 
6.472 
2.316 
4.380 



eente 

4.600 
24.500 
20.900 
13.600 

4.500 
14.500 
10.450 

9.817 

4.500 

11.167 

6.967 

7.925 

4.500 
9.500 
5.226 
6.790 

4.500 
8.500 
4.180 
6.033 

4.500 
7.833 
3.483 
5.492 

4.500 
7.357 
2.985 
5.087 

4.500 
7.000 
2.613 
4.772 

4.500 
6.722 
2.322 
4.720 



4.76 



e$rUa 

4.760 
24.726 
20.960 
13.800 

4.760 
14.750 
10.475 

9.992 

4.760 

11.417 

6.984 

8.088 

4.760 
9.750 
6.238 
6.945 

4.750 
8.760 
4.190 
6.183 

4.750 
8.083 
3.491 
5.639 

4.750 
7.607 
2.993 
5.231 

4.750 
7.250 
2.619 
4.914 

4.750 
6.972 
2.328 
4.385 



eenU 

6.000 
26.000 
21.000 
14.000 



5.000 
15.000 
10.600 
10. 



6.86 



eent§ 

6.260 
26.260 
21.060 
14.276 



6.260 

15.260 

10.626 

166110.342 



5.000 

11.667 

7.000 

8.250 

6.000 

10.000 

6.250 

7.100 

5.000 
9.000 
4.200 
6.333 

5.000 
8.333 
3.500 

5.786 

5.000 
7.867 
3.000 
5.375 

5.000 
7.500 
2.625 
5.055 



5.000 
7.222 
2.333 
4.799 



6.6 



6.260 

11 .^17 

7.017 

8.413 

5.250 

10.250 

5.263 

7.255 

5.250 
9.250 
4.210 
6.483 

5.250 
8.583 
3.509 
5.932 

6.250 
8.107 
3.007 
5.519 

6.250 
7.750 
2.632 
5.198 



5.250 
7.472 
2.339 
4.415 



eenU 

6.600 
26.600 
21.100 
14.400 

6.500 
16.500 
10.660 
10.616 

6.600 

12.167 

7.034 

8.676 

6.600 

10.500 

6.275 

7.410 

5.500 
9.500 
4.220 
6.592 

6.500 
8.833 
3.517 
6.079 

5.500 
8.357 
3.014 
5.662 

5.500 
8.000 
2.640 
5.340 

5.500 
7.722 
2.344 



eerUa 

6.000 
26.000 
21.200 
14.800 

6.000 
16.000 
10.600 
10.867 

6.000 

12.667 

7.067 

8.900 

6.000 

11.000 

6.287 

7.715 

6.000 

10.000 

4.240 

5.933 

6.000 
9.333 
3.535 
6.372 

6.000 
8.857 
3.028 
6.199 

6.000 
8.500 
2.654 
5.624 

6.000 
8.222 
2.355 



4.530 4.759 



RESISTANCE OF ROADS TO TRACTION 

The resistance to traction of a small number of pavements of 
different typte, in different conditions was investigated in 1915 
by the electrical engineering department of the Massachusetts 
Institute of Technology. A half-ton electric deUvery wagon was 
used, and each test was made by driving the wagon over the test 
pavement in one direction and then in the other, so that the ef- 
fect of the wind, if any, would be neutraUzed by averaging the 
results of the runs in both directions. The tests are descrited in 
a paper presented to the American Institute of Electrical Engi- 
neers in June, 1916, by Profs. A. E. Kennelly and O. R. Schurig. 
The results were summarized in the accompanying illustration. 

Curve 1 is nearly flat, and the authors state that if the effect 
of air resistance was eliminated from the total resistance to trac- 
tion, the resistance of a good level asphalt pavement would be 
about 17 pounds per ton at all speeds. Such a pavement in 
poor condition had a resistance of a^out 23 poimds per ton when 
the wagon ran at 12 miles per hour and 25 pounds at 15 miles. 
There were no tests of wood block pavements in poor condition; 
curve 2 gives the results for a good pavement. 

Curve 3 is for a good brick pavement; the effect of slight wear 
of bricks was to increase the tractive resistance to 25 pounds per 
ton at 12 miles and about 30 poimds at 15 miles. 

Curve 4 is for a dry, hard water-bound macadam road in fair 
condition. A similar road in a dusty condition showed an in- 
crease of 3 poimds in the resistance to traction at all speeds. A 
poor, damp road in poor condition offered a resistance of 33 
pounds at 10 miles and 39 poimds at 13 miles. OiUng a good 
water-bound macadam road increased its resistance to traction 
about 5 pounds, this increase gradually growing larger as the 
speed increased. 

Curve 5 is for bituminous macadam in good condition. The 
curve for another road in good condition b^an with a resistance 
of a Httle under 26 pounds per ton at 9 nules an hour and in- 
creased to 32 pounds at 14 miles. An old road of this type in 
poorly patched condition offered a resistance of about 29 pounds 
at 8 miles and 37 pounds at 13 miles. A good road which was 
recently treated and still soft had a resistance of 33 pounds at 8 
miles and nearly 36 pounds at 13 miles, as shown in Curve 9. 
A very poor, soft road with many holes had a resistance of 41 
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pounds at 7 miles and 54 pounds at 12 miles, showing what a 
rapid increase to resistance follows an attempt to go at even 
moderate speed over such a road. 
The authors make the following comments of the tests: 
There are three principal elements which determine the trac- 
tive-resistance curve for different speeds and a given vehicle, within 
the range of conditions covered by the tests. 

The first element is a constant resistance, the magnitude of 
which depends on the lack of resiUence of the road surface and 
the tires, that is to say, on the energy losses due to displacement 
of tire material and road-surface material. This constant ele- 




i b I'o h ?2 ia iA h ti 

SPEED- MILES PER HR. 

CuRYES Showing Resistance to Tbaction at Different Speeds 



ment would be encoimtered upon a smooth, level road of the 
particular type considered, in the absence of impact, air and wind 
resistance. 

The second element is an increasing resistance with increasing 
speed due to impact losses. This resistance results from lack of 
smoothness of the road surface and varies approximately as the 
second power of the velocity at impact. 

The third element is an increasing resistance with increased 
speed. It is due to the air pressure against the front of the 
vehicle and varies approximately as the second power of the 
speed. 
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The first element is called the displacement resistance, the second 
the impact resistance and the third the air resistance. The 
displacement resistance is very marked in Curve 10, for a granite- 
block pavement with sand joints. The displacement resist- 
ance varies, not only with the type and surface quahty of the 
road, but also with the type, dimensions and quality of the tires 
on the wheels. The same tires were used in the experiments by 
Kennelly and Schurig. The air resistance of a given vehicle at 
any given speed is the same for all classes of pavement. The 
impact resistance of a road depends not only on the type and 
character of the road surface and the sizes of its irregularities, 
but also on the type, dimensions and quahty of the tires on the 
wiieels, the weight of the truck and the quaUty of its springs. 

Increasing the gross weight of the vehicle by 12 per cent, 
through load, was found to have no effect on tractive resistance 
within the observed speed Umits for smooth roads in good con- 
dition; but on rough roads, a distinct increase in tractive resist- 
ance with this extra weight was observed. 



RURAL PUBLIC ROADS OF UNITED STATES 
AT CLOSE OF 1915 

Circular 6S, United States Department of Agricollure. Prepared by the 

Division of Boad Eeonomici, Office of Pwlie Roads aitd Sural 
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Alabai 
Ariioi 
Arkan 
Califo 

CoIOTi 

Connc 
Delaw 
Plorid 

Idaho 
Illinoi 
Indiai 
Iowa. 
Kaaaa 
Kentu 
Louisi 
Maine 
Moryl 
Massa 
Michii 
Minnc 
Missis 
Misaoi 
Montf 
Nebra 
Nevat 
New! 
New J 
Newl 
New! 
North 
North 
Ohio. . 
Oklah 
Or^o: 
Penns 
Rhod< 
South 
South 
Tenue 
Texas 
Utah. 
Venn< 

Washi 

Wesf 
WiBooi 



Toti 



> Of this 1118,000 was returned to the ooun ties in 1911 by act of legialature. 



REVENUES USED IN 1914 IN EACH STATE FOR 
PUBLIC ROAD AND BRIDGE PURPOSES AND 
TOTAL OUTSTANDING BONDS FOR ROADS 
AND BRIDGES AT CLOSE OF 1914 

From BvU^tin S90, U, S, Department of Agriculture, Prepared by the Office 

of Public Roads and its State Collaborators 



8TATB 



Alabama 

Arizona 

Arkansas 

California 

Colorado 

Connecticut 

Delaware 

Florida 

Georgia 

Idaho 

Illinois 

Indiana 

Iowa 

Kansas 

Kentucky 

Louisiana 

Maine 

Maryland 

Massachusetts . . . 

Michigan 

Minnesota 

Mississippi 

Missouri 

Montana 

Nebraska 

Nevada 

New Hampshire. . 

New Jersey 

New Mexico 

New York 

North Carolina.. 
North^Dakota.. . . 

Ohio 

Oklahoma 

Oregon 

Pennsylvania 

Rhode Island — 
South Carolina.. . 
South Dakota. . . . 

Tennessee 

Texas 

Utah 

Vermont 

Virginia 

Washington 

West Virginia 

Wisconsin 

Wyoming 



PXTBLIC BO AD AND BBIDOB BBYBNUBS 



Total or ave. 



Total 



$3,949,019 

982,721 

1,522,696 

19,171,984 
1,937,546 
3,640,962 
511.625 
2,280,256 
3,688,172 
1,371,468 
8,734,712 

14,233,985 

10,187,507 
5,544,048 
2,474,621 
1,777,572 
2,642,006 
6,000,652 
6,091,875 
9,261,998 
6,458,940 
3,960,377 
5,513,048 
2,888,400 
1,796,277 
245,013 
1,590,464 
7,208,287 
556,398 

23,231,964 
5,l{15,4d0 
2,40^,383 

14,334i24»5 
2,112,680 
5,310,466 

10,424,580 

446,496 

1,024,480 

1,217,809 

2,370,560 

9,920,079 

803,070 

1,023,941 

3,224,528 

7,944,717 

2,483,747 

9,880,240 

669,661 



$240,263,784.46 



1 



b-S 



ft* 



$71.22 

81.38 

30.00 

314.09 

48.70 

258.90 

139.25 

126.71 

45.72 

56.22 

91.32 

194.06 

97.88 

49.92 

42.52 

72.37 

112.35 

364.60 

326.08 

124.84 

69.06 

86.51 

57.40 

73.67 

22.37 

20.11 

113.44 

486.49 

46.86 

.60 

102.75 

34.92 

165.99 

19.57 

144.23 

113.86 

205.76 

24.26 

12.64 

51.48 

76.92 

91.15 

71.86 

60.39 

187.25 

77.55 

130.50 

44.06 



.00 

.22 

.20 

.66 

.23 

.75 

.00 

.09 

.25 

.58 

.77 

.93 

.32 

.00 

.00 

.12 

.79 

.03 

.30 

.00 

Sfl 

.00 

.71 

.61 

.69 

.65 

.11 

.08 

.82 

.01^292 

.78 

.52 

.98 

.80 

.76 

.00 

.05 

.37 

.42 

.16 

.11 

.63 

.01 

.82 

.38 

.00 

.50 

.16 



$98.22 



OQ.i 



$77.01 

8.63 

28.99 

123.17 

18.69 

755.50 

360.37 

41.56 

62.80 

16.45 

155.85 

394.89 

183.27 

67.79 

61.58 

39.10 

88.37 

603.62 

758.00 

161.13 

79.88 

85.42 

80.22 

19.75 

23.38 

2.23 

176.11 

959.00 

4.54 

467.00 

107,00 

34.23 

351.84 

30.45 

55.54 

232.00 

418.50 

33.59 

15.84 

56.86 

37.80 

9.77 

112.22 

80.08 

118.87 

103.39 

178.81 

6.86 



$80.79 



I 



Pi 



$1,840 
4.810 
0.960 
8.060 
2.42D 
3.260 
2.520 
3.020 
1.410 
4.219 
1.540 
5.270 
4.580 
3.280 
1.080 
1.073 
3.550 
4.630 
1.810 
3.290 
3.110 
2.300 
1.670 
7.680 
1.510 
2.900 
3.690 
2.830 
1.69 
2.54P 
2.360 
4.160 
3.000 
1.274 
7.890 
1.360 
0.820 
0.670 
2.080 
1.080 
2.540 
2.150 
2.870 
1.560 
6.950 
2.030 
4.230 
4.590 



$2,620 




$0.6900 
0.7000 
0.3600 
0.6600 
0.4600 
0.3500 
0.5450 
1.0700 
0.4370 
0.8200 
0.3700 
0.7500 
1.1300 
0.2000 
0.2390 
0.3220 
0.6330 
0.4850 
0:i270 
0.4000 
0.4400 
0.9620 
0.3000 
0.8300 
0.3900 
0.2400 
0.3620 
0.2B90 
0.7700 
0.2030 
0.6970 
0.6800 
0.2200 
0.1769 
0.5900 
0.2050 
0.0720 
0.3510 
0.3400 
0.3780 
0.3910 
0.4000 
0.4620 
0.3720 
0.7900 
0.2120 
0.4000 
0.3700 



$0.3500 



TOTAL BTATB AND 
LOCAL BONDS 



$5,418,000.00 

295,000.00 

1,467,066.00 

32,277,000.00 

90,500.00 

7 000 000.00 

1280 000.00 

5 959199.00 

127 500.00 

1,339,000.09 

798,761.55 

42,095,357.34 

1,960,780.00 

* 705,666 !66 

1,588,835.00 

785,000.00 

1^863,700.00 

10,305,522.82 

10,389,029.43 

1,411,889.00 

8,327,172.00 

522,500.00 

2,224,050.72 



38,000.00 

675,000.00 

14,011,337.00 

157,000.00 

76,8%088.00 

8,955,300.00 



31,175,968.53 
1,440,000.00 
1,615,000.00 

127,547,659.00 

1,800,000.00 

460,000.00 



6,898,277.00 

14,615,017.00 

541,500.00 



5,650,994.93 

1,555,000.00 

1,303,000.00 

281,078.00 



$344,763,082.32 
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EXTENT OF SURFACED ROADS IN THE UNITED 
STATES AT THE CLOSE OF 1914 

From Bulletin S90f U. S. Department of Agricvlturey Prepared by the Office of 

Public Koads and its State Collaborators 



STATU 



Alabama 

Arizona 

Arkanaaa 

California 

Colorado 

Connecticut 

Delaware 

Florida 

Georgia 

Idaho 

Illinois 

Indiana 

Iowa 

Kansas 

Kentucky 

Louisiana 

Maine 

Maryland 

Massachusetts.. 

Michigan 

Minaesota 

Mississippi 

Missouri 

Montana 

Nebraska 

Nevada 

New Hamp- 
shire 

New Jersey 

New Mexico 

New York... .. 
North Carolina. 
North Dakota.. 

Ohio 

Oklahoma 

Oregon 

Pennsylvania.. . 
Rhode Island... 
South Carolina. 
South Dakota.. 

Tennessee 

Texas 

Utah 

Vermont 

Virginia 

Washington 

West Virginia... 

Wisconsin 

Wyoming 



Total. 



Per cent. 



MACADAM 



milea 

431.00 

11.23 

362.60 

837.40 

3.00 

923.42 

161.60 

829.16 

234.00 

42.60 

1,676.11 

10»291.29 

171.30 

194.30 

10,628.00 



66.36 

488.70 

834.30 

1,021.19 

120.26 

86.00 

1,631.06 

78.00 

39.21 

2.00 

61.87 
1,809.24 



6,717.97 
1,111.00 



12,903.87 

6.70 

1,000.72 

•1,881.80 

352.92 

27.60 



4,660.60 

611.00 

49.00 

1.94 

1,177.89 
602.82 
771.92 

1.408.00 



64,898.43 



25.22 



BITUMI- 

NOUS 
MACADAM 



miles 

31.00 

13.60 

4.00 

877.90 



128.28 
36.60 
42.80 
87.00 
12.00 
121.63 
168.36 



69.03 



43.93 
1,042.31 
1,337.33 
94.60 
19.00 
29.69 
69.00 



1.30 



164.26 

417.63 

6.00 

3,168.63 

9.00 



1,066.29 

3.00 

137.26 

•198.33 

107.40 

3.60 

10^00 

148.00 

181.00 

16.60 



266.77 

165.62 

62.96 

183.00 



10,499.79 



4.08 



GBAVBL 



miles 

2,689.60 

126.70 

636.00 
8,663.69 

674.26 

1.067.93 

21.00 

42.60 

1,073.00 

168.00 

7,052.30 

20,264.59 

413.00 

151.86 
1,713.60 

430.00 
1,139.36 

243.95 
6.289.57 
6,230.25 
2,826.25 
li81.10 
3.671.50 

614.26 
21.00 

193.00 



1,013 

2,868 

184 

6,802 

629 

955 

15,385 

6 

3,060 

*235 

230 

86 

212 

2,788, 

6,258 

685 

1,165 

822 

3.924 

20 

9.597 

52 



70 
62 
00 
97 
00 
00 
93 
90 
16 
19 
10 
OO 
00 
00 
98 
75 
42 
09 
48 
60 
00 
50 



116.058.12 



46.11 



BAND 
CLAY 



miles 

1,916.00 
45.00 
176.00 
682.26 
450.12 
840.27 



1.163.00 

10.778.00 

449.00 

2.467.96 

160.25 

23.00 

768.60 



1,448.00 

2.26 

69.00 



1,376.27 

986.33 

604.25 

1,442.25 

14.00 

1,131.10 

67.00 

270.90 

661.40 

72.50 



4,313.60 



211.00 
105.00 
300.00 



3,101.00 
129.00 
613.00 

3,490.48 
401.00 



1,511.66 
83.60 



2,064.00 



44,164.73 



17.16 



BBICK 



miles 



1.33 



266.24 
1.72 



82.92 
34.76 



4.10 
.25 



.05 



.60 

i.66 

2!46 



148.63 



640.41 



'269.33 



.60 



26.36 

121.10 

2.40 



1,693.88 



0.62 



CON- 
CBBTX 



miles 
1.00 



21.00 

929.19 

2.25 

24.22 



12.00 

.40 

4.60 

148.80 

63.17 

6.77 

1.35 

2.50 



10.61 
189.34 



107.30 

17.60 

14.00 

2.77 



7.63 



7.07 



244.19 
1.25 



315.67 
"2SAi 



2.00 

11.25 

2.50 



79.42 
18.50 
83.07 



2,348.43 



0.91 



MZSCEL- 
LANBOUB 



miles 

20.00 
58.00 



3,489.40 
164.25 



25.60 

484.77 

168.00 

3.00 

57.70 



1.60 
38.76 


189 62 

1,610.89 

465.96 

44.69 





118.60 
6.00 
3.00 
2.00 



161.83 
260.67 



563.61 
40.00 



46.00 



199.87 

7,398.23 

3.00 

63.60 

12.00 



1.074.08 



274.67 
142.17 
140.00 
70.00 
72.00 
416.00 



17,738.16 



6.90 



TOT All 
8UBFACXD 



miles 

4,988.60 

263.43 

1,097.60 

10.279.73 

1.193.87 

2,976.45 

243.60 

2.830.47 

12,342.12 

679.00 
11.606.31 
30,962.40 

614.57 
1.148.86 
12,403.28 
2.067 62 
2.762.36 
2.489.26 
8.505.89 
7.828.61 
3,967.83 
2,133.35 
6,712.57 

609.25 
1.204.54 

262.00 

1.659.63 
5,897.46 

261.50 

15.635.90 

6,003.75 

955.00 
30,660.17 

121.60 
4.726.40 

982.88 

693.42 
3,270.50 

363,00 
8,102.00 
10.526.79 
1.253.76 
1.442.03 
3.909.67 
4.922.09 
1.064.97 
13.399.47 

468.60 



267.291.64 



100.00 



• State roads only. 
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MOTOR-CAR REGISTRATIONS AND GROSS 
MOTOR-VEHICLE REVENUES, 1913-1915 

Circular 69, United States Department of Agriculture. Prepared by the 
Division of Road Economics, Office of Public Roads and Rural 

Engineering 



Alabama. 

Arizona 

Arkansas 

California....^.. 
Colorado 

Connecticut 

Delaware 

District of Col- 
umbia 

Florida 

Georgia 

Idaho 

Illinois 

Indiana 

Iowa 

Kansas 

Kentucky 

Louisiana 

Maine. 

Maryland 

Massachusetts. . 

Michigan 

Minnesota 

Mississippi 

Missouri 

Montana 

Nebraska 

Nevada 

New Hampshire 

New Jersey 

New Mexico 

New York 

North Carolina. 
Nprth Dakota... 

Ohio 

Oklahoma 

Oregon 

Pennsylvania. . . 
Rhode Island. . . 
South Carolina'. 
South Dakota... 



MOTOB-CAB BBO]BTBA,TIOin^ 



TOTAL OB088 BSYXNUXS 



1913 



«6,300 

3,613 
3,583 

noo,ooo 

13,000 

23,200 
2,440 

4,000 

*3,000 

•20,000 

2,113 
94,656 
45,000 

70,299 
34,550 

7,210 

no,ooo 

11,022 
14,217 
62,660 

54,366 
46,000 

«3,850 
38,140 

5,916 

13,411 
1,091 
8,237 

51,360 
1,898 

134,495 
10,000 
15,187 
86,156 
"3,000 

13,975 
80,178 
10,295 
10,000 
14,457 



1014 



8,672 

5,040 

5,642 

123,504 

17,756 

27,786 
3,050 

4,833 
*3,368 
20,915 

3,346 

131,140 

66,500 

106,087 
49,374 

11,766 
*12,000 
15,700 
20,213 
77,246 

76,389 
67,862 
5,694 
54,468 
10,200 

16,385 
1,487 
9,571 

62,961 
3,090 

168,223 
14,677 
17,347 

122,504 
13,500 

16,447 
112,854 
12,331 
14,000 
20,929 



1915 



11,634 

7,753 

8,021 

163,797 

28,894 

41,121 
5,052 

8,009 

no,850 

25,000 

7,071 

180,832 

96,915 

145,109 
72,520 

19,500 
11,380 
21,545 
31,047 
102,633 

114,845 

93,269 

9,669 

76,462 

14,540 

59,000 

2,009 

13,449 

81,848 

5,100 

255,242 
21,000 
24,908 

181,332 
25,032 

23,585 
160,137 
16,362 
15,000 
28,724 



1913 



183,000 
27,545 
17,411 
75,000 
60,833 

316,667 
24,735 

13,228 
*6,000 
12,000 

35,160 
507,629 
150,345 

787,411 
186,066 

52,000 

*io,doo 

138,509 
150,000 
764,154 

190,329 
40,000 



173,510 
12,000 

26,000 

3,323 

152,834 

661,446 

15,084 

1,275,727 

60,000 

41,961 

457,538 

3,000 

56,873 

841,062 

129,851 

10,000 

89,170 



1914 



$113,202 
34,077 
56,420 

1,338,785 
80,047 

406,623 
35,672 

20,147 

*6,736 

104,575 

58,580 
699,725 
432,309 

1,040,136 
268,471 

85,883 
*12,000 
192,542 
268,231 
923,961 

m 

132,398 
51,146 

235,873 
27,000 

34,325 

4,331 

185,288 

814,536 

19,663 

1,529,852 

89,580 

55,964 

685,457 

13,500 

77,592 

1,185,039 

157,020 

14,000 
125,000 



1915 



1180,744 
45,579 
80,551 

2,027,432 
120,801 

536,970 
55,596 

29,396 
"60,000 
125,000 

121,259 
924,906 
587,318 

1,533,054 

387,588 

117,117 

75,600 

268,412 

386,565 

1,235,724 

373,833 
"160,540 

76,700 
323,289 

33,120 

"183,000 

7,875 

257,776 

1,062,923 

29,625 

1,991,181 

123,000 

79,245 

984,622 

154,892 

108,881 

1,665,276 

206,440 

15,000 

"180,000 
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MotoT'-Car RegiHratioM — Continued 





MOTOB-CAB KKOmrRATlOlia^ 


TOTAL QBOM RBTaNITHI 




1918 


mi 


1015 


191S 


1914 


1915 


Tennessee. 

Texas' 


•10,000 

32,000 

4,000 

5,913 

9,022 

24,178 
5,144 

34,346 
1,584 


•19,769 

40,000 

2,253 

8,475 

13,984 

30,253 
6,159 

53,161 
2,428 


•7,618 

'40,000 

9,177 

11,499 

21,357 

38,823 

13,279 

79,741 

3,976 


•9,000 

16,000 

3,000 

111,460 

83,611 

48,356 

40,000 

190,770 

7,920 


* 39,538 

20,000 

4,852 

154,267 

120,814 

60,506 

60,648 

293,580 

12,140 


•34,000 
20,000 


Utah 


•60,000 


Vezmont 

Virginia 

Washinj^n 

West Virginia... 

Wisconsin 

Wyoming 


218,480 
176,875 

238,717 

128,952 

431,977 

19,880 


Total 


1,258,062 


1,711,339 


2,445,664 


8,192,253 


12,381,951 


18,245,711 



^Does not include motor cycles nor dealers' and manufacturers' licenses. 

• Estimated. 

• Registration law declared unconstitutional. 

• State registrations only. 

•Total cars registered under perennial system. 
•Registrations 1915 only. 

'American Highway Association received report that there were 138,866 
automobiles licensed on April 1, 1916. 

PRODUCTION OF VITRIFIED PAVING BRICK 

IN THE UNITED STATES 



{From "Mineral Retourcet of the United Statee, 1916") 



TMAM 




TALUS 


ATBBAGB PBICB PIB 
THOXraANP 




thouaanda 






1895 


381,591 


$3,130,472 


$8.20 


1896 


320,407 


2,794,585 


8.72 


1897 


435,851 


3,582,037 


8.22 


1898 


474,419 


4,016,822 


8.47 


1899 


580,751 


4,750,424 


8.18 


1900 


546,679 


4,764,124 


8.71 


1901 


605,077 


5,484,134 


9.06 


1902 


617,192 


5,744,530 


9.31 


1903 


654,499 


6,453,849 


9.86 


1904 


735,489 


7,557,425 


10.28 


1905 


665,879 


6,703,710 


10.07 


1906 


751,974 


7,857,768 


10.45 


1907 


876,245 


9,654,282 


11.02 


1908 


978,122 


10,657,475 


10.90 


1909 


1,023,654 


11,269,586 


11.01 


1910 


968,000 


11,004,666 


11.37 


1911 


948,758 


11,115,742 


11.72 


1912 


911,869 


10,921,575 


11.98 


1913 


958,680 


12,138,221 


12.66 


1914 


931,324 


12,500,866 


13.42 


1915 


953,335 


12,230,899 


12.83 
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OUTPUT OF VITRIFIED BRICK IN 1914 AND 

1915 BY STATES 

(From ^* Mineral Resources of the United States, 1916'*) 





1914 


1915 




Quantity 


Value 


Aver- 
age 
pnoe 

thou- 
sand 


Quantity 


Value 


Aver- 

a^ 

pnoe 

thou- 
sand 


Alabama 

Arkansas 

California 

Colorado 

Connecticut 
and Rhod^ 
Island 

Florida 

Georgia 

Illinois 

Indiana 

Iowa 


thotisands 

18,679 

1,800 

* 

* 

16,470 
157,176 
42,937 
14,997 
50^707 

7^733 

26,217 

* 

* 
* 

31,240 

293,381 

9,912 

151,200 

« 

. 1^684 

* 

67,750 
39,441 


$248,525 
39,705 

* 
* 

234,855 
2,086,344 
576,892 
211,905 
594,229 

120,562 

424,170 

* 

* 

515,672 
3,682,230 

127,792 
2,052,676 

23,599 

* 

899,215 
662,495 


$13.31 
12.14 
22.06 
11.52 

16.03 
12.00 
14.26 
13.27 
13.44 
14.13 
11.72 
12.74 
15.59 
16.12 
16.18 
22.50 
11.14 
15.00 
10.40 
16.51 
12.55 
12.89 
13.58 
15.26 
14.01 
10.00 
18.99 
13.27 
16.80 


thoiAsands 

29,018 

3,182 

* 

* 

17,193 
142,689 
35,237 
20,573 
47,511 

4,420 

* 

561 

* 

24,154 
333,288 

16,537 
124,354 

* 

14,861 
69,474 
59,844 


$374,387 

* 

66,784 

166,086 
1,796,350 
466,873 
300,785 
608,599 

62,238 

* 
8,323 

384,458 
4,017,758 

198,387 
1,638,518 

* 

265,691 
841,067 
853,107 


$12.90 
12.00 
20.99 
11.59 

12.66 

9.66 
12.59 
13.25 
14.62 


Kansas 

Kentucky 

Michigan 

Minnesota 

Missouri 

Montana 

Nebraska 

New Jersey 

New Mexico.... 

New York 

Ohio 


12.81 
10.85 
14.08 
14.18 
14.62 
22.01 
14.84 

12.00 
15.92 
12.05 


Oklahoma 

Pennsylvania. . 

Tennessee 

Texas 


12.00 
13.18 
14.47 
15.45 


Virginia 

Washington. . . . 
West Virginia.. 
Other Statest . . 


17.88 
12.11 
14.26 


Total 


931,324 $12,500,866 


$13.42 


953,335t 


$12,230,8991 


$12.83 



* Included in "Other States.*' 

{Includes all products made by less than three producers in one State. 
In the total quantity and total value of vitrined brick are included, 
respectively, 824,359,000 vitrified brick sold for paving, valued at $11,114,- 
427, and 128,976,000 vitrified brick sold for other uses, valued at $1,116,472. 
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BROKEN STONE FOR ROAD BUILDING PRO 
DUCED IN THE UNITED STATES IN 

1914 AND 1915 

{From ^*Stone in 1916,** O, F, LougKLin, ** Mineral Resources of 

the United States** 



0TATB OB TaBRXTOBT 



Alabama 

Arizona 

Arkansas 

California 

Colorado 

Connecticut 

Delaware 

Florida. 

Georgia 

Hawaii 

Idaho 

Illinois 

Indiana 

Iowa 

Kansas 

Kentucky 

Louisiana 

Maine 

Maryland 

Massachusetts . . 

Michigan 

Minnesota 

Missouri 

Montana 

Nebraska 

New Hampshire. 

New Jersey 

New Mexico 

New York 

North Carolina. 

Ohio 

Oklahoma 

Oregon 

Pennsylvania. . . 
Rhode Island. . . 
South Carolina. 
South Dakota. . . 

Tennessee 

Texas 

Utah 

Vermont 

Virginia 

Washington 

West Virginia. . . 

Wisconsin 

Wyoming 



1914 



Quantity 



1, 



Short tons 

74,914 

2,600 

199,417 

707,230 

6,052 

360,443 

53,430 
159,524 

57,553 

41,832 



Value 



$75,528 
4,000 

140,442 

982,321 
10,100 

216,064 
33,501 
84,911 
37,088 
37,049 



1916 



Quantity 



Short toru 

49,972 



113,606 

1,567,505 

5,842 

728,014 

21,742 

102,517 

90,244 

34,413 



Value 



$42,116 



75,044 

902,462 

7,178 

330,174 

21,707 

56,381 

54,696 

36,366 



1, 
2, 



838,599 

089,103 

19,308 

27,248 

545,878 



893,889 

1,065,360 

17,438 

20,135 

323,075 



5,950 

404,523 

649,144 

530,823 

46,944 

466,143 

4,590 

32,137 

20,936 

827,705 



4,650 

349,833 

594,666 

267,702 

36,172 

363,302 

1,271 

27,300 

13,745 

674,202 



1,625,250 

1,792,261 

32,437 

20,046 

609,995 

830 

1,747 

334,153 

738,015 

510,524 

59,733 

553,049 

23,875 



2, 
3, 

1, 



1, 
1, 



267,264 

65,700 

453,360 

15,802 

218,379 

640,049 

61,373 

28,425 

14,120 

345,765 

196,051 

16,000 

17,978 

931,852 

162,777 

197,245 

000,667 



1,408,490 

65,128 

1,748,075 

7,441 

157,267 

1,110,039 

72,255 

27,684 

11,300 

264,288 

119,218 

19,200 

13,563 

1,185,271 

87,259 

113,525 

635,618 



14,845 

1,059,749 

547 

2,900,165 

69,238 

3,088,599 

46,430 

290,648 

1,844,626 

91,872 

27,111 

11,292 

441,298 

269,151 

6,500 

14,929 

2,193,898 

213,039 

196,068 

914,295 



747,718 

910,462 

28,397 

15,591 

379,234 

664 

1,409 

274,644 

599,555 

224,734 

57,286 

383,022 

5,186 



12,416 

822,214 

407 

1,623,570 

73,404 

1,567,676 

29,764 

202,580 

1,218,446 

110,167 

26,566 

8,487 

369,296 

164,865 

3,750 

13,269 

1,538,149 

111,461 

129,106 

555,927 



21,786,833 



13,329,365 



22,710,070 



13,735,546 
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GRAVEL AND PAVING SAND PRODUCED IN 
THE UNITED STATES IN 1914 AND 1915 



R. W, Stone 


in "Mineral Resources of the United States, 1916** 






PAVING HAND 


GRAVEL 


STATE 


1914 


1915 


1914 


1915 


m 


Quantity 
(short 
tons) 


Value 


Quantity 
(short 
tons) 


Value 


Quantity 
(short 
tons) 


Value 


Quantity 
(short 
tons) 


Value 


Alabama 

Arizona 


5,849 


$4,538 


• 


• 


527,891 


$138,693 


647,656 

831,668 
2,974.090 

• 

16,518 
22,848 

* 

4,424,527 
2,482,922 
1,554,199 

448,897 

• 

• 

854,180 

270.906 

2,457,094 

935,252 

901,119 

1,656,745 

7,422 

118,970 

17,491 

683,200 
2,112,557 

2,828.887 
77,241 

2,816.132 

368,797 
1,814,902 

• 

239,649 

540,653 

1.494.421 

251.216 

« 

519,850 

478,707 

114,273 

1,667,840 

1,551,719 


$116,672 


Arkansas 


• 
106,578 


• 
26,714 






673,924 

3,258,718 

7,610 


278,876 

595,449 

3,310 


314,003 
709.602 


California 

Colorado 


173,985 


$42,841 


Connecticut.... 


• 

29.000 
5,610 


• 

7,000 
1,400 


• 


Florida 


* 
• 


« 
• 


. 98,435 
12,244 


10,637 
7,875 


4,495 
16.071 


Georgia 


Hawaii....^.... 


Idaho 










* 

4.955.219 

4.184,093 

1,087,967 

160,283 

815,796 

738,510 

760,204 

177,642 

2,140.359 

637.900 

1,500,291 

1,321.839 

* 13,310 

88,026 

670,000 
2,204.880 

2,149,310 

311,059 

10,875 

2,417,805 
505,737 
611,821 

1,766,651 

29,927 
196,909 
445,504 

1,183,646 
184,763 
822 
294,398 
457,137 
455,804 

1,294,893 
718,441 

142,215 


• • • • • • 

* 

793,422 
602,533 
/ 205.820 
19.512 
208,770 
190,717 

268,338 

50,795 

530,338 

236,704 

354,855 

257,827 

11,970 

16,435 

112,500 
672,4^3 

891,762 
42,438 
5,726 
654,833 
225,559 
137,221 
387,845 

4.995 

25,603 
183,296 
433,399 

45,162 
390 

87,379 
162,183 
126,618 
343,230 

48,245 

26,205 


• 


Illinois 


121,812 
158.443 
201,900 
137,582 

21.653 

• 


39,851 
55,290 
64,340 
37,206 
14,272 


291,436 
240,053 
293,948 

244,103 

« 

• 


73,645 
66,894 
97,008 
70,311 


885.548 
591,592 
313.327 


Indiana 

Iowa 


Kansas 


Kentucky 

Louisiana 


162.624 


Maine 




* 


Maryland 

Massachusetts.. 

Michigan 

Minnesota 

Mississippi 


327,760 
78,380 

320,322 
36,458 


76,212 
33,161 
74,866 
15,666 


163,304 

47.239 

131,466 

* 
• 
• 
* 


71,517 
25,444 
14.021 

• 
* 
• 
• 


284.410 

169.772 

671.970 

175.084 

153.627 

226,716 

5,500 

27,389 

1,775 

77,760 
447,388 


Missouri 

Montana 

Nebraska 

Nevada 


30.327 
5,259 


^6,485 
610 


New Hamp* 
shire 










New Jersey 

New Mexico. . . . 


110,260 


39,902 


160.256 
51,363 


53.599 
21,240 


New York...... 

North Carolina 


82,725 


34,148 


989,801 
23.652 


North Dakota. 










Ohio 


407,025 


134,370 


501,359 


194,026 


922.379 


Oklahoma 


Oregon 


3,368 
625,171 


2,607 
235,326 


15,218 
291,599 


14,174 
106,828 


118,960 
433,223 


Pennsylvania... 
Rhode Island... 


South Carolina. 










• 


South Dakota. . 

Tennessee 

Texas 


• 

6,489 
46,460 
44,445 


• 

2,484 
14,315 
11,300 


• 

13,815 
11,904 


• 

3,552 
2,950 


36,826 
203,867 
393.121 


Utah 


29,772 


Vermont 


Virginia 

Washington 

Weet Virginia... 

\^B0on8in 

Wyoming 


• 

363,745 

44,617 

.. 222,298 


• 

86.796 
17,819 
71,560 


• 

83,827 

69.598 

206,094 


• 

27,628 
27,230 
67,340 


126,801 

129,016 

43.016 

349,941 

• 


Conceal^ 
totals 


36.645 


13.761 


391,150 


97,138 


443.791 








3,580,171 


1,121,999 


3,381,717 


1,077,346 


39,212,858 


9.398,897 


37,972,548 


9,598,391 



* Included in "Concealed totals." 
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THE REASONS FOR IMPROVING ROADS 

Good roads are desirable for three distinct reasons, which may 
be called social, business and pleasure reasons. 

Social Benefiis from Oood Roads. — ^The social reasons for road 
improvements appeal to persons living in the country. The 
women who dwell in the country districts know better than any 
others what bad roads mean to themselves and their sisters on 
other f atms, and how utterly drab and hopeless is life in the coun- 
try with inadequate means of coiomimication between themselves 
and almost their next-door neighbors. The country parson can 
tell what a handicap bad roads are in his work. I^reaching two 
sermons on Sunday is but a part of his labors. He must visit 
his parishioners if he is to be the guide, counselor and friend he 
aspires to be. He knows by hard experience the diflSculty of 
riding or walking over muddy roads and through oceans of slush 
to those longing for his comforting presence in time of sickness 
and death, and how hard it is to convey to those who are ill the 
things necessary for their recovery. The country doctor can 
likewise bear witness to the restraint and even suffering caused 
by bad roads. Taking men as they are in the large, the wonder 
is that there are any who would choose his profession, the most 
devoted and consecrateci of all that serve hmnanity. He comes 
when he is called and where. His charity is immeasurable, his 
rewards are insignificant. Time with him and with the patient 
waiting his aid is often the deciding factor between life and death; 
he knows full well the death rate due to isolation by poor 
highways. 

We cannot state in percentages the increase in the satisfaction 
of people with coimtry life which follows the certainty a doctor 
can be obtained when he is needed. It is not yet possible to 
state in numerals how much better a man is for attencfing church 
regularly or how much better a farmer's wife is for driving over a 
good road whenever she wishes to call on her neighbors. But 
there is one thing to which everybody will agree; the schools of 
our rural territory are one of the great defenses of our national 
prosperity, and the education of our children is one of our best 
safeguards for the wise government of our republic. And so 
everyone will admit the importance of these figures: In eight 
typical rural counties studied by the U. S. Office of Public Roads 
during a period of five years, the average school attendance in- 
creased from 66 out of every 100 pupils enrolled before the roads 
were improved, ^to 76 out of every 100 after the improvements. 
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BEASONS FOR IMPROVING ROADS 
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Ten per cent more children were helped, therefore, to become 
better citizens by an increase in taxation for roads amounting to 
only 9 per cent of the total tax for all purposes. 

Business Benefits from Good Roads. — ^The business advantages 
of road improvements to the owner of a farm can be stated even 
more definitely, for they can be. measured in dollars and cents. 
In the investigation by the U. S. Office of Public Roads, just 
mentioned, the observations were carried out in New York, 
Virginia, Alabama, Florida and Mississippi, in districts which 
represent typical dair3ang, farming, mining and lumbering con- 
ditions, before and after the constiiiction of roads. The amount 
of road improvements done in each of them, which produced the 
improved conditions which will be stated, were as follows: 



MILX8 OF BOAD8 



COUNTY 



Franklin, N. Y... 
Spotsylvania, Va. 
Dinwiddle, Va. . . 

Lee, Va 

Wise, Va 

Dallas, Ala 

Manatee, Fla.. . . 
Lauderdale, Miss 




The investigations by the government's experts were not hasty 
observations from a buggy or automobile; they were painstaking 
searches through real-estate transfers, public records, railway 
reports, school reports and like sources of information, studied on 
the spot until their accuracy was fully established. They were 
made from year to year, moreover, to make sure that the local 
conditions were fully imderstood and the annual effect of a road 
improvement was ascertained beyond question. 

Real estate transfers showed that the percentage of increase 
in the value of rural property along these improved roads in about 
five years was as follows: R-anklin, 9 to 114; Spotsylvania, 63 to 
80; Dinwiddie, 68 to 194; Lee, 70 to 80; Wise, 25 to 100; Dallas, 
50 to 100; Manatee, 50 to 100; Lauderdale, 25 to 50. The 
transfers on which these figures are based are mostly for prop- 
erty within a mile of the improved roads. 

Li each county the extent of the districts sending vehicles to 
the improved road was cajref ully determined in much the same way 
that the drainage area of a stream is ascertained. The products 
of these districts and the proportion of them hauled over the 
roads were then ascertained. The railway shipments from and 
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into the districts were investigated. In case of doubt the actual 
travel on the roads wa^ ascertained by counts of the vehicles and 
their loads. The average length of the haul on the roads was 
' found out. From all these statistics, given in detail in the report, 
it is shown that the cost of hauling one ton one mile on the roads 
of these counties was decreased from an average of 33.5 cents 
before highway improvements were made to 15.7 cents after- 
ward. This saving of 17.8 cents per ton per mile amounts to 
$627,409 in all. To accomplish it the additional taxes amounted 
to only 6.3 cents per ton per mile, leaving a net saving of 11.6 
cents per ton per mile. 

Roads as Sources of Enjoyment — ^It is unfair to object to includ- 
ing the pleasure obtained by riding comfortably through the 
country as one of the returns we receive from our road taxes. 
It is just as proper to include that kind of pleasure as a justifiable 
object of expenditure as the investments for Uquors, tobacco, the 
theatre and confectionery. E. W. James, one of the road experts 
of the United States government, recently made the following 
statement on the subject: 

The people of the United States spent in 1915 $2,500,000,000 for spiritu- 
ous and malt liquors $800,000,000 for tobacco, $450 000,000 for the * 'mov- 
ies," $300,000,000 for candy, $200,000,000 for soda water and $50,000,000 
for chewing gum. The total for these pleasures is $4,300,000,000. So I 
think it conservative to say that the average man is willing to pay some- 
thing for pleasure. There can be no question about the pleasure derived 
from riding on good roads, and that a part of the money invested in such 
roads can be logically justified on the score of this pleasure. After all, 
the total annual expenditures on roads in the United States is only equal 
to our purchase of candy and merely one-eighth of the money spent on 
liquor. 

The Townsman's Interest in City Roads, — When the average 
townsman dresses in the morning;, a large part of the clothes he 
puts on are mMe of cotton, which has to be teamed over a good 
many miles from the plantations to the shipping points. If he 
has fruit, cereal, eggs and toast for breakfast, let us say, about 
everything he eats has been hauled over several miles of roads, 
either to be shipped to him or to the mills where it is prepared for 
shipment. A large part of the furniture in his home and at his 
office has been made from hardwood hauled over the roads. 
These and other things which anybody can list for himself must 
all vary in price to the townsman with the cost of hauling them 
from the farms and forests to the mills or railroad stations. Just 
what this fact means has been stated by J. E. Pennybacker, the 
highway economist of the United States Office of Pubhc Roads, 
as follows: 
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The public roads throughout the country, which constitute the primary 
means of transportation for all agricultural products, for many millions 
of tons of forest, mine and manufactured products, and which for a large 
percentage of farmers are the only avenues of transportation leading from 
the point of production to the point of consmnption or rail shipment, 
have been improved to only a slight extent. By reason of this fact, the 
prevailing cost of hauling over these roads is aoout 23 cents per ton per 
mile. More than 350,000,000 tons are hauled over these roads each year, 
and the average haul is about 8 miles, from which it can readily be seen 
that our annual bill for haulinja; over the public roads is nearly $650,000,000. 
The cost per ton-mile for hauling on hard surfaced roads should not exceed 
13 cents. It is therefore evident that if our roads were adequately im- 
proved a large annual saving in the cost of hauling would result. 



The difference between 23 and 13 cents is 10 cents, which is 
the ton-mile tax of poor roajds which the city people pay, for most 
of the ha\iling is toW^d markets or shipping points and the cost 
of this hauling is part of the total expense of products of the land 
to the consumer. The total is about $280,000,000, which the 
45,000,000 people living in the cities and towns of the United 
States p£Qr annually on account of poor roads. This averages 
over $6 a year per person. 

Poor roads put a much more serious drain on the townsman's 
pocket-book, however. His food is costing him more every year, 
and he therefore has a very close, personal interest in having the 
agricultural lands farmed in such a way that they jrield their 
largest returns at the lowfest working cost. This means more 
than producing milk and vegetables at a low cost; it also includes 
raising at low expense the wheat and com from which his flour 
and meal are made, producing fowls and hogs economically, and 
reducing the cost of growing cotton. How many intelligent 
young men, able to earn a good living in a city, will live in the 
country if they have to travel through miles of mud or dust, at 
decided physical discomfort, in order to market their products, 
meet their friends or buy their supplies? How many young 
women will be willing to live in the coimtry where bad roads 
isolate them, with only the sparrows for companions, with the 
doctor almost inaccessible, the schools difficult for the children 
to reach, and church-going a real labor? Yet if the townsman is 
to have the things he eats grown for him efficiently and economi- 
cally he must take his part in making coimtry life agreeable and 
profitable to these intelligent young people. It means a saving 
of dollars and cents to him. 

Our American Roads. — ^The length of the rural roads in the 
United States at the close of 1915 is given in the table on page 
192. This table shows that only 11.3 per cent of the total mile- 
age at that time had been surfaced, and that only 2 per cent had 
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been built by the state highway departments or with more or less 
financial or engineering assistance from the states. - 

It has been estimated that about 80 per cent of the totaJ travel 
on these roads is done on about 15 per cent of their total length. 
The percentages vary in different states. The Iowa Highway 
Commission found that from 10 to 15 per cent of the roads of each 
county are main traveled routes, which it is proper to construct 
and maintain, under the Iowa highway laws, at the expense of 
the coimty as a unit. The remaining roads are of less general 
use and are constructed {gid maintained by the townships through 
which they pass. 

This division of our highways into main routes and local roads 
is of fundamental importance in road administration. Public 
money must be used so as to 3deld the greatest good to the ^eat- 
est number of people. But it is human nature for a man living 
a mile or more from a main road to complain that he is unfairly 
treated if he must travel over a dirt road part of the way to town 
while a neighbor has a good, hard-surfaced road running by his 
place. As a matter of fact, although the hard road does not 
reach his farm it does help him materially, as Prof. B. K. Cogh- 
Ian, of the Texas Agricultural and Mechanical College has 
shown by a recent investigation. He reports: 

Where a fanner lives at a considerable distance from the improved 
road he will still derive some benefit. In one county, where the gravel 
roads extend onlv about 8 miles from town, the farmers living several 
miles beyond haul wood during the dry spells and pile it at the end of the 
gravel road; then when bad weather comes. and it is impossible to work in 
the fields they haul, this wood to town. In another case two teams are 
used until the improved road is reached, when one team is unhitched and 
left with a friend, and the man proceeds to town with the other. In a 
third instance, where it formerlv took two days to haul a load to market, 
since a good road has been built for about one-half of the distance, two 
wagons, with two teams each, haul one day until the good road is reached 
when all the load is put on one wagon, which proceeds to town with one 
team, the other three teams returning home. 

Our main roads which carry four-fifths of the trafi&c present 
problems which are often quite different from those of the local 
roads. Highways must be built to carry the traflic over them at 
the lowest possible cost for both construction and maintenance. 
Where the trafiic is light, as on local roads and some main roads, 
comparatively inexpensive types of construction can be main- 
tained at small expense and are therefore better than more ex- 
pensive types because more miles of them can be provided for 
the same total cost than is the case with expensive tj^es of con- 
struction. As a rule, however, we are trying to get too much 
work from inexpensive roads and at the same tmie we are neglect- 
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ing to maintain them in a condition for giving the most service. 
For many years to come, a large part of our roads will be earth, 
top-soil, sand-clay and gravel. That is no reason, however, for 
their being mud holes in wet weather or sources of blinding dust 
in dry weather. Well graded, drained and maintained roads of 
these tjrpes are pleasant to ride over and inexpensive to maintain, 
unless they are called upon to carry more travel than they are 
capable of supporting. Then they fail just as a beam fails when 
it is overloaded. The beam is ajl right for a given loading, but 
all wrong for a greater one. A road may be all right for a certain 
travel but all wrong for a greater travel; the failure to recognize 
this is responsible for a large part of the waste of road taxes 
today. 

Different Classes of Road Improvements. — ^The improvement of 
roads comprises a number of classes of work. People who speak 
of road improvements in Missouri probably refer to grading and 
draining, while road improvements in Massachusetts usually 
signify the construction of a hard surface on a road already 
graded and drained. Such use of the word "improvements" 
indicates how varied are the really pressing highway needs of 
different parts of the country and the importance of studying the 
local resources and transportation requirements of a district be- 
fore planning the improvement of its roads. 

The first thing to be considered in planning good roads is the 
amount of money which it is wise for a community to spend for 
them. Most estimates of this nature are based on the existing 
annual tax receipts available for the purpose. This is not the best 
basis for a sound judgment. A family of three persons can make 
an income of $1800 go farther than a family of six persons can. It 
is the same with rc^ds. To find out roughly how much money 
can be devoted to road work it is best to divide the assessed valu- 
ation of the district by the miles oif roads in it. This gives the 
vajuation, or taxable wealth, of the district per mile of road. 
For instance, Lake County, Mich., has a valuation of only $5420 
per mile, showing that not even the entire wealth of the county 
is suflicient to improve all its roads. Wayne Coimty, Mich., on 
the other hand, has a valuation of $514,931 per mile, indicating 
its financial abihty to carry out any kind of road improvements 
in reason. In a rich agricultural district like Calhoun County, 
Mich., the vahilation is $52,294 per mile, indicating that it is 
financially able to construct whatever kind of main roads may 
be best suited for the travel on them. We look with pity on the 
young saleswoman who spends all her money on clothes she does 
not need, and yet we complain when a county with a very low 
valuation per road-mile is not intersected with roads as smooth 
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as the top of a billiard table. This shows that we have our fool- 
ish ideas, like the flighty saleswoman. 

There is a measure of the need for roads, just as there is a 
measure of the financial resources for roadbuilding. This meas- 
ure is the travel the road is carrying now and the probable in- 
crease in the travel during the next five to ten years. The im- 
provement of a coimtry road results in the slow development of 
property along it, so that there is a slow annual increase in 
what is called the residential travel. If the road is on a through 
route between important cities some distance apart, there may 
or may not be a material increase in the foreign travel, by which 
is meant the travel between these cities. This can only be de- 
termined by a study of local conditions. The residential travel 
can be at5tually counted, however, and this ought to be done. 
The state highway department or the United States Office of 
Public Roads and Rural Engineering at Washington will furnish 
instructions for the work, which can be done by school children 
under the direction of their teachers. This is a kind of child 
labor which no reformer will weep over and the efficiency expert 
will approve. 

The travel over a road wears it out in different wajrs, according' 
to the number and character of the vehicles, the relative propor- 
tion of horse-drawh vehicles and automobiles, the climatic con- 
ditions and the construction of the road. For the same travel, 
a road adopted for a moist section with cold winters is needlessly 
expensive for a dry section with little frost. Some types of roads 
wear out quickly but are easily maintained, other types with- 
stand travel well but when they need repairs the work is expen- 
sive. All these things must be considered in- determining the 
aimual cost of a road, which is done in the following way. 

The first element of this cost is the first cost of construction per 
mile of road, including all engineering expenses. Knowing the 
travel over the road, an expert can estimate the nimiber of years 
such a road will serve its purpose, if properly maintained, before 
reconstruction is necessary. This cost divided by the number of 
years of service gives the annual first cost. To this must be added 
the annual interest on the first cost per mile. If the construction 
costs are met by the proceeds of a bond issue, the interest and 
sinking fund charges on the bonds take the place of the annual 
first cost and interest just mentioned. The annual cost per mile 
df maintfikining the road in serviceable condition is the last item 
to be estimated. The sum of all these items is the total annual 
cost per mile of the road, and this figure is the most important 
one to the taxpayers. But another imit for measuring cost, 
which is sometimes very useful, is the cost of the road per vehicle 
mile. This is obtained by dividing the total annual cost per 
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mile by the number of vehicles using the road annually. The 
type of construction which gives the lowest cost per vehicle mile 
is generally the best to employ. 

While the preceding notes explain the steps to be taken in 
planning a good road, they cannot supply the good judgment 
necessary to take the steps wisely. We admire the skill of a 
slack-rope gymnast but we are not foohsh enough to emulate 
him. The skill and knowledge needed to select the right type of 
construction for a road are greater than those required by the 
slack-rope performer, and yet our minds are so warped by con- 
stant use of roads that we are strongly inclined to think we are 
able to do the work of road engineers. We will be losing money 
in our road planning imtil we stop this foolishness. 
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Absorption of water by earth, 20 
Accidents, on roads, 26 
Agsregates for concrete, 93 
Alabama, road nuleage, 192, 193, 194 
Andeeite, 76, 87 

propertiee, 77 
Annuity bonds, 187 
Ai>palaohian oil fields, 110 
Arid r^ons, roads, 46 
Arizona, funds for roads, 193 

motor oars, 195 

road mileage, 192, 194 
Arkansas, funds, 193, 195 

motorcars, 195 

road milea«:e, 192, 194 
Aspharbrib, 176 
Asphalt, see Bitumen 

Bermudes, 120 

blocks, 148 

California, 122 

Cuban, 122 

definitions, 117 

Maracaibo, 122 

Mexican, 122 

mixers, 146 

natural, 118 

oil, 118 

Trinidad, 118 
Asphaltenes, 116 
Ausite, 321 

Automobile accidents, 26 
Automobile registration, 193 



Banking curves, 230 
Basalt, 76, 87 

properties, 76 
Base, see Foundation 
Belts for finishing concrete, 01 8 
Berm ditches, 22 
Bermudez asphalt, 120 
Binders, bituminous, 124 

clay, 61, 62. 63, 66, 68 

glutrin, 72 

lEravel and screenings, 71, 72 

iron oxide, 61 

rock powder, 63 
Biotite, 83 
Bitumen, definition, 117 

ductility, 126 

fixed carbon, 116 

float test, 126 

fluxing solid, 123 

gilsomte, 122 

Eahamite, 123 
rdrocarbons, 116 
inorganic matter, 116 
insoluble organic matter, 116, 121 
manjak, 123 
native solid, 117 
parafiin, 116 
penetration, 121 
solid, semi-fiolid and liquid, 117 
solubility in carbon disulphide, 114 
in carbon tetrachloride, 122 
in nai>htha, 116 
viscosity, 126 
Bituminous fillers for joints, 173 



Bituminous roads, 138 

concrete, 144 

macadam, 139 
Blasting, 38 
Blowing (nls, 114, 116 
Bonds, 180 
Box, 67, 60; 69 
Brick, paving, 167 

cubical, 170 

impregnated with asphalt, 176 

production, 196, 197 
Brick roads, 167 

on 1-inch concrete base, 178 
Bridges, 34 

avoided by relocation of roads, 2 

overflow, 36 

size of waterways. 264 
Byerly process of blowing oils, 114 

Caldte, 84 
Calcium chloride, 74 
California asphalt, 122 

banking curves, 9 

funds for roads, 193 

motor cars, 196 

oil, 110, 

regulations regarding surveys and plans, 12 

road mileage, 192, 194 
Carbon disulphide test for bitumens, 114 
Catchbasins, 29 
Cement, standard specifications for Portland, 

107 
Cementing value of rook powders, 86 

test, 86 
Chert, 76, 88 
Chlorite, 84 
Clay, absorption and retentivity, 20 

for sand-clay roads, 47 

alojie in cuts and fills, 6 
Clearing right-of-way, 39 
Colorado, funds for roads, 193 

motor cars, 196 

road mileage. 192, 194 
Concrete, cement, curing^ 103 

expansion and contraction, 100 

finishing, 102 

mixing, 97, 101 

placing, 98 

proportions, 96 

quantities of sand, cement and stone re- 
quired for roads of different widths and 
thicknesses, 96, 97 
Concrete, bituminous, 144, 165 
Concrete roads, 90 

surfacing, 164 
Connecticut, funds, 193 

motor cars, 196 

road mileage, 192, 194 
Contracts, plans for, 4 
Costs per mile corresponding to different 

costs per square yard, 70 
Cross-drams, 27, 91 
Cross-sections of roads, concrete, 92 

influence on drainage, 20 

Wisconsin standards, 6 
Crown of roads, 21, 92 
Crushing gravel, 64 

rock, 66 
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Cubwk asphalt, 123 
Culverts, 82 

avoided by relocation, 23 

driveway, 26 

headwiUJs,88 

aiie, 29 
Curbs, 162 
Curvee, 8, 9 
Cushion for brick, 1(US 
Cut-back bituminous products, 183 
CutB. 38, 42 

Deferred serial bonds, 188 
Delaware, road mileace, 192, 194 

funds, 193 

motor oars, 196 
Deval test, 86 
Diabase, 75, 87 

properties, 77 
Dunite, 75, 87 

properties, 77 
Distifiation-test of tar, 137 
DiBtribut<n« of oil, 142 
Ditches, 24 

accidents by ditching vehicles, 26 

berm ditches, 22, 24 

marsh-road, 21 

outlets, 22, 26 

recommendations of American Railway En- 
cine«ring Association, 23 

steep ^grades, 19, 26 

summits in, 25 

water brakes, 26 
Dolomite, 84, 87 

proE»ertiee, 80 
Draflmnc, earth roads, 43 

embankments during construction, 40, 42 

gravel roads, 56, 57, 63 

road plane, 40 

sand-«lay roads, 49 
Drainage, 19, 68, 91 

sise of culverts, 30 
Driveway culverts, 26 
Dubbs process of refining petroleum, 113 
Ductility test of bitumens, 126 
Dumping boards, 70, 141 
Dim's culvert fOTmuht, 31 
Duraz pavements, 176 

Earth roads, 32 

oiling, 146 
Embankments, 39, 42 

accidents on, 25 

building in layors, 39, 90 

drainage, 23, 24, 29 

in flat oountoy, 22 

in marshes, 21 

protection against scouring, 26, 33 

slopes, 5 
Engineering, bridge, 35 

importance in road work, 3 

regulations of California commission re- 
garding surveys and plans, 12 
Epidote, 84 
Excavation} 38 
Expansion joints, 99, 174 

Feather^edge gravel and broken stone roads, 57 

Eeldspar,83 

FillOTS for joints, 99 

mis, see Embankments 

finishing concrete surfaces, 103 

Flash point of oils, 114 

Float test of bitumens, 126 



Florida, funds for roads, 183 

motw cars, 196 

road mileage, 192, 194 
Fluxes, 116, 123 
Fords, 36 

Forms for concrete roads, 99 
Foundations, brick roads, 163 

bridges, 35 

concrete roads, 90 

culverts, 33 

gravel roads, 67, 60 

maoadam roads, 68 

on sand, 56 

steep grades, 20 

telfard;27.68 
F^nch coemoient of wear, 86 
Funds for road work in the diffennt CItatsB, 183 

Gabbro, 75, 87 

properties, 78 
Garnet, 83 
Georgia, funds, 193 

motor cars, 195 

road mileage, 192, 194 
Gilsonite, 122 
Glutrin, 62, 72 
Gneiss, 76, 88 

properties, 82 
Grade orossingB, 9 
Graders, 40 

elevating, 42 

gravel roads, 56, 68, 60 

sand-day road usss, 49 
Grades, 1, 4. 11 

effect on traction, 4 ^ 

imi»oved by relocation, 8 
Grading, 38, 40 

light cuts on hard roads, 6 
Grahamite, 123 
Granite, 76, 87 

properties, 79 
Gravel bed, 57 
Gravel, crushing, 54 

for concrete roads. 94 

length of road wnioh a load of gravel of 
given rise will cover to given loose depths, 

mechanical analysis, 53 

production, 199 

quantity of loose gravel lor a mile of road of 
different widths and thick ne ss es , 66 

quantity required to give difforent depths 
when lying loose on a mile of road of 
different widths. 56 

road-building grades, 61, 67 

screening, 64, 59 

spreading, 61 

weight, 56, 62 
Gravel roads, 51 
Gravel-asphalt roads, 147 
Grout joints for brick, 171 
Grubbing right-of-way, 39 
Guardrails, 25 
Gulf oil field, 110 

Hardnees, test for, 85, 121 
Harrowing, bituminous macadam, 141 

broken stone roads, 71 

gravel roads, 66, 68 
Heating binders and road oils, 130, 143, 145 
Highway maintenance, see Maintanance of 

Roads 
Hillride brick. 169 
Hornblende, 83 
Hydrocarbons, 109, 116 
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Idaho, funds, 193 

motor can, 105 

road mileece, 102, 194 
ntinois, bituminous roads, 141, 142, 144, 145 

brick roads, 161, 167, 169, 178 

funds, 193 

gravel roads, 52, 57 

motor ears, 195 

oil field. 110 > 

road mileage, 192, 194 
Indiana, funds, 193 

motor cars, 195 

road mileage, 192, 194 
Inorganic matter in bitumen, 116 * 
Iowa, automoldle accidents, 25 

funds for roads, 193 

motor oars, 195 

road mileage, 192, 194 

Joints, brick roads. 169, 171 

concrete roads, 99 
Joint fillers, 99, 175 

Kansas, funds, 193 

motor cars, 195 

road mileage, 192, 194 
Kaolin. 84 
Kentucky, funds, 193 

motor cars, 195 

organisation for road dragging, 45 

road mileage, 192, 194 

Layers in embankments, 39 
Limarlndiana oil fields, 110 
limestone, 84, 87 

properties, 79 
Loam, absorption and retentivity, 20 

sIopMBS in cuts and fills, 5 
Location of roads, 1 

at grade crossings, 10 
Loss oy voUtilisation of mis, 114 
Louisiana, funds, 193 

motor cars, 195 

road mileage, 192, 194 

Macadam roads, bituminous, 189 

water-bound, 64 

surface treatment, 152 
Magnetite, 83 
Maine, funds, 193 

motor cars, 195 

road mileage, 192, 194 
Maintenance, bad roads, 1 

bituminous roads, 153 

concrete roads, 104 

drawling, 43 

earth roads, 43 

gravel roads, 62 

macadam roads, 78 

sand-clay roads, 50 
Maithenes, 116 
Manjak,123 
Maps, California commission rsgulations, 16 

Vermillion County imi>rovement8, 4 
Maraoaibo asphalt. 122 
Marble, 75, 88 

properties, 81 
Marshes, roads across. 21 
Maryland, bituminous concrete, 145 

bnok roads, 175 

funds, 193 

motor cars, 195 

road mileage, 192, 194 
Massachusetts, bituminous roads, 140, 144 

funds. 193 

gravel-asphalt roads, 147 



Massachusetts, motor cars, 195 

road mileage, 192, 194 
Mastic joint fillers, 174 
Mexican asphalt, 119, 122 
Mica, 83 
Michigan, funds, 193 

gravel for roads, 51 

mot^ cars, 195 
Michigan, road mileage, 192, 194 

water-bound macadam, 64 
Mid-continent oil fields, 110 
Mileage of roads, 192, 194 
Minerals in road building rocks, 83 
Minnesota, fimds, 193 

motor cars, 196 

water-bound macadam, 64 

road mileiu;e, 192, 194 
Missiasippi, funds, 193 

motor oars, 195 

road mileage, 192, 194 
Missouri, funds, 193 

motor cars, 195 

road mileap^e, 192, 194 
Mixers for bituminous concrete, 341, 891, 400 
Mixers for concrete, 97, 101 
Mohs. scale of hardness, 83 
Monolithic brick roads, 167 
Montana, funds, 193 

motor cars, 195 

road mileage, 192, 194 
Motor trucks, road widths needed for, 7 
Muscovite, 83 

Nebraska, funds, 193 

motor cars, 195 

road mileage, 192, 194 
Nevada, funds, 193 

motor cars. 195 

road miloage, 192, 194 
New Hampshire, funds, 193 

gravel roads, 63 

motor cars, 195 

road mileage, 192, 194 
New Jersey, broken stone specifications, 16 

funds. 193 

gravel for roads, 51 

motor cars, 195 

road mileage, 192, 194 

telford sx)ecincations, 68 
New Mexico, funds, 193 

motor cars, 195 

road mileafife, 192, 194 
New York, bituminourroads, 141, 146 

brick roads, 161 

fimds, 193 

grade crossing regulations, 10 

motor cars, 195 

road mileage, 192, 194 

telford specifications, 68 

water-bound macadam, 64, 67, 158 
North Carolina, funds, 193 

motor cars, 195 

road mileage. 192. 194 
North Dakota, funds, 193 

motor cars, 195 

road mileage, 192, 194 
Note-keeping on surves^, 12 
Nossles for road oil, 142 

Ohio, bituminous macadam, 141 
brick roads, 161, 168, 173 
funds, 193 
macadam, 67 
motor cars, 195 
road mileage, 192, 194 
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Oitios roada, 150 

saUons of bituminous material per mile 
of road for di£Ferent rates of applioation, 
140 

gravel, 03 

macadam, 74 
Oils, oiassifioation, 100 

equivalent volumes at different tempera- 
tures, 131 

classifioation, 100 

road, 134, 136 

shipping, 128 

specific gravity, weight and volume at 00*. 
129 
Oklahoma, funds, 108 

motor cars, 195 

road mileage. 192, 194 
Oregon, funds, 193 

motorcars, 196 

road mileage, 192, 194 
Orthoclase, 83 
Outlets, ditches. 22, 26 

drains, 29 

Paraffin, 109, 116 

Patrol Bsrstem of maintenance. 297 
Penetration roads. 126. 139 
Penetration test of bitumens. 121 
Pennsylvania, bituminous roads. 141. 153 

brick roads. 161. 167, 175 

funds, 193 

motor cars, 195 

road mileage, 192, 194 
Petroleum, 109 

specific gravity, degrees Baum6, weight 
and volume at 60", 112, 120 
Pipe culverts, 33 
Plagioclase, 83 
Plans, Vermilion county improvements. 4 

California commission regulations. 16 
Plowing, in grading, 38 

sub-grades. 60 
Ponding concrete roads, 96, 104 
Pouring cans, 143 
Pumping road oil, 128 
Pyro-bitumens. 118 

Quarts, 83 
Quartsite, 88 
properties. 81 

Rattler test, 160 

Refining petroleum. Ill 

Residuums, 114 

Resistance of roads to traction, 189 

Retentivity of clay, loam, etc.. 20 

Rhode Isluid. funds. 193 

motor cars. 195 

road mileage, 192. 194 
Rhyotite. 75. 87 

properties. 78 
Rights-of-way. 7 

clearing and grubbing, 41 
Road machines (graders), 40 
Roadbed, elevation for drainage. 22; grading, 

38, 60 
Road plane, see Dragging 
Roads, asphalt block, 148 

bituminous, 138 

brick, 157 

concrete, 90 

costs per mile corresponding to different 
costs per square yard, 70 

dra^ng, 44 

drainage, 19 

earth, 37 



Roads, grade crossingB, 9 
grades, 4 
gravel, 51 

Kavel-ftq;>halt. 147 
sation. 1 

macadam, bituminous. 138 

water-bound. 64 

maintenance. 1. 43, 50, 62, 78, 104, 153 

mileage. 198. 195 

resistance to traction. 189 

sand-clay. 47 

sand-oil. 147 

sections, 6, 21 

semi-arid regions, 46 

top-soil, see Sand-day 

widths, 6, 21, 92 
Rock crushing, 66 
Rock for roaoB, see Stone 
Rolling roads, earth, 43 

gravel, 58 

macadam, bituminous, 62, 63, 146 

sand-clay, 49 

water-bound, 71, 72 
Runoff, factors influencing, 30 

Sand, absorption and retentivity, 20 

for concrete, 93 

for cushion for brick, 166 

production of paving. 199 

slopes in cuts and filliB, 5 

weight, 56 
Sand-asphalt roads. 147 
Sand-day roads. 47 
Sandstone. 75, 87 

Sroperties, 80 
ist, 75, 84, 88 

properties, 82 
Scrapers for grading, 38 
Screeuing gravel, 50 

rock, 67 
Seal coats, 139. 144. 146 
Section-line ro«ds. 2 
Serial bonds, 187 
Shale. 75. 88 
Shoulders, gravel roads, 58 

macadam roads, 72 

concrete roads, 92 

bituminous roads, 142 
Shrinkage of embankments, 40 
Silt, absorption and retentivity, 20 
Single-track roads, 7, 92 
Sinking fund bonds, 185 
Sh«,89 
Slaking clay, 47 

rock powder, 85 
Slate, 75. 88 
Slopes of cuts and fills, 5 

protection. 26. 33 
South Carolina, funds, 193 

motor cars, 195 

road mileage, 192, 194 
South Dakota, funds, 193 

motor cars, 195 

road milea^, 192, 194 
Specific gravity determinations of oil, 114 
Steam shovels, 38, 
Stone, crushed, see Rock 

len^h of road which aload of stone of given 
sue will cover to given loose depths , 61 

production, 198 

quantity required to give different depths 
when lying loose on a mile of roadway of 
different widths, 55 

sises. 67 

weight, 66 
Stone, for bituminous roads, 138, 141, 144 
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Stone, for concrete roads, 03, 96 ' 

for water-bound macadam, 64 

mineral composition, 75 

physical properties and teets, 85 
Stnusht-run bituminous products, 133 
Streak of minerals, 121 
Sub-crades, brick roads, 163 

concrete roads, 90 

gravel roads, 60 

macadam roads, 69 
Summits in ditches, 25 

on roads, 5 
Surfacing roads with bituminous materials. 

150 
Surve3rs, regulations of California commis- 
sion, 12 
Swamp roads, 21 

Talbot's culvert formula, 30 
Tar and tar products, 132 
Telford foundations, 27 
Tennessee, funds, 193 

motor can, 195 

road mileage, 192, 194 
Texas, funds, 193 

motor oars, 195 

road mileage, 192, 194 
Tile drains, 27 

Top soil roads, see Sand-clay Roads 
Toughness, test for, 85 
Traction, effect of grades, 4 

resistance of roads to, 189 
Tractors, 41, 100 
Trap, 83, 84, 87 

Trench, for gravel and broken stone, 57, 60. 69 
Trinidad asphalt, 118 
Trumbull process of refining petroleum, 113 

UnderdxBins, 27 
lor embankments, 23 
* 24 



Underpasses on New York hlghwa3rs, 10 
Utah, huSs, 193 

motor cars, 195 

road mileage, 192, 194 

V-drains, 27 
Vermont, funds, 193 

motor cars, 195 

road mik«ge, 192, 194 
Vertical curves, 5 
Virginia, funds, 193 

motor oars, 195 

road mileage, 192, 194 
Viscosity of bitumens, 125 
Volatilisation test of oils, 114 

Wagons, 38 

spreader, 70 
Washington, funds, 193 

motor cars, 195 

road mileage, 192, 194 
Water-bound: macadam roads, 64 
Water-brakes, 25 
Water for concrete, 101 
Wear of rocks, test, 86 
Weathering of rocks, 85 
Wentworth's culvert formula, 32 
West Virginia, funds. 193 

motor cars, 195 

road mileage, 192, 194 
Width of roads, 5. 92 

at grade crossingB, 10 
Wisconsin, funds, 193 

gravel roads, 59 

motor can, 195 

road mileage, 192, 194 

standard road sections, 5 

water-bound macadam, 64, 67 
Wyoming, funds, 193 

motor can, 195 

oil. 111 

road mileage, 192, 194 
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The Standard of Comparison 
for Paving and Road Materials 

To claim that a paving or road-building material is as good 
as Trinidad or Bermudez asphalt is considered the strongest 
endorsement that can be brought forward. 

But the materials for which this claim is made are usually 
new and untried, and year after year one ^'Just-as-good-as- 
lake-asphaW follows another into oblivion. 

Bermudez Trinidad 

Road Asphalt Lake Asphalt 

Meanwhile the use of the lake asphalts steadily increases, 
and their position as the standard materials by which all 
others are judged is, more firmly fixed (1) by the continued 
good service of natural asphalt roads and pavements, some 
of which, though 30 years old, are in service today; and (2) 
by the duplication of unfortunate experience with artificial 
or manufactured asphalt. 

Engineers and officials with reputations to preserve, and 
taxpayers whose money is to be spent may well consider also 
that even if there was any material for paving and road- 
building equaling the lake asphalts in stability, dependability 
and long life, it would take 30 years to prove it. 



THE BARBER ASPHALT PAVING 

COMPANY 

PHILADELPHIA PENNSYLVANIA 
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SEND FOR THIS FREE BOOK 



A practical BOOK for engineers, contractors and 
public officials. Obtain your copy by writing the 
Service Department of 

The Atlas Portland Cement Compiany 

Mttnbtr 9/ PorUani CemenI AtioaaHon 
30 Broad St.. New York Corn EichtiDge Bank BIdt.. Chiimco 

Phib. Boatoii' St. LwilB MInneipolie DnMiHnej Day 



Road Materials, Etc. 

The Barrett Company has a record of forty years in fur- 
nishing paving materials. Its experience and reputation 
gained through the years are coupled with progressiveness. 
Its engineers and chemists are constantly at work on the 
solution of new problems. Each year marks a distinct 
advance. 

Barrett materials combine knowledge and experience. 

**Tarvia'X*' is used as a binder in the construction of mac- 
adam roads. 

**Tarvia-A" and ^^Tarvia'B^' are used for maintenance on 
many kinds of roads. 

Barrett's Paving Pitch is used as a filler on stone block, 
wood block and brick paving. Special grades are made to meet 
every requirement and a new mastic filler has been developed for 
use* in stone and brick pd,vementd. 

Barrett's Car basota Creaitote Of/ is designed for preserv- 
ing all timber used in highway fences and bridges. 

Barrett's Ever jet Paint is a black paint designed for pro- 
tecting exposed ironwork. 

BooktetB and' particwdars on requett 



The 




Company 




New York Cbicago Philadelphia Boston ' St. Louis Clei^land 

Cibdnnati Pittsboigh Detroit BirmiBgham 

Kansas City Mfimeajx^ Salt Lake Cit> Seattle Peoria 

THE BAXR^TT COMPANY. Lim(T£d: Montreal Toronto Winnipeg 

Vancouver St. John. N. B. Halifax, N. S. Sydney. N. S. 
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The Literature of 

ROAD MAKING and MAINTENANCE 



On our shelves is the most complete stock of technical, industrial, 
engineering and scientific books in the United States. The technical 
literature of every trade relating to road work is well represented, 
as is every branch of Civil Engineering. 

A large number of these we publish and for an ever increasing 
number we are the sole agents. 

ALL OUR INQUIRIES ARE CHEERFULLY AND CAREFULLY 

ANSWERED AND COMPLETE CATALOGS AS WELL AS 

SPECIAL LISTS ARE SENT FREE ON REQUEST 



D. VAN NOSTRAND COMPANY 
Publishers and Booksellers 



25 PARK PLACE 



NEW YORK 



UNION OIL COMPANY 
of California 

ASPHALT— ROAD OILS 

Los Angles San Francisco 
CALIFORNIA 


T. HUGH BOORMAN, C. E. 

Consulting Engineer 

Forti6cations and Military Roads 
City Pavements and Efficiency 
Washington BuUdinft, New York City 

W. B. SPENCER, C. E. 

SPECIALIST IN 

ROAD MACHINERY 

39 Church Street New York 


GLUTRIN ROAD BINDER 

Particulars from 

ROBESON PROCESS CO. 

18 East 41st Street 

New York City 


NEW YORK MASTIC WORKS 

Established 1872 

Original Importers of Neuchatel and Seyssei 

Rock Asphalt 

War and Navy Departments 

Specialists in Asphalt construction 

T. HUGH BOOKMAN, Cons. Eng. 

1 Broadway New York City 


EDWARD A. CLARK 

Mining and Drilling Engineer 

Asphalt, Coal, Manganese and Zinc Properties 

for Sale 

Park Row BuUdinft New York City 


ASPHALTS 

1914 Road Edition by 
T. HUGH BOOKMAN. C. E. 

Price, $2.00 

W. T. COMSTOCK CO. 

33 Warren Street New York City 
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How to Save Transportation Costs 

is the 

Ouestion of the Hour 




Pavement for Military Roads 
and Country Highways 

Patented U. S. A., July 11, 1916 

The Invention of H. P. WILLIS, B.E., M. Am. Soc. C. E., formerly 
Chief Engineer N. Y. State Highway Department 



Willi te has the overwhelming commercial advantage over all other 
types of pavement (which have to pay 100 per cent, of all material entering 
into their construction) because about 85 per cent of all the raw material 
(native mineral aggregate), used in both the WILLITE foundation and 
WILLITE wearing course costs nothing, as it is obtained right in the road 
itself or adjatent thereto. This filler can be the run of the road without 
selection, no matter what the character of the soil may be, such as mixed 
earth, sand, gravel, shale, sedimentary sand, disintegrated granite, etc. 



Willite Road Construction Co. 

of America, Inc. 
51 Chambers Street NEW YORK 
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THE FIRST COST 
ST COST 



"I believe in a paving programme based 

on future needs. I use Improved Granite 

Blodc Paving — once down no more worry." 

—The Mayor. 

"I am for Improved Granite Block Pav- 
ing every time— it gives my horses a good 
sure footing and saves delay." 

—The Driver. 



[o Wnic Today'! NccMMty 

Present need is for better streets, traffic 
as never made such demands as now. 

Make your streets permaneDt, diminate 
firing, speed up transportation in your 
ity, make it safe. 

oved Granite 
ock Pavin9 

Longest Life 

No Repairs 

^o Maintenance 



"I am always safe from skidding and my 
brakes .hold on Improved Grtuiite | Block 
Paving. " —The Ghaideur. 

"I am first, last and always for the mayor 
or the official who puts my money into 
Improved Granite Block Irving. Once 
down — down forever." 

—The Taspayert 



Good Material Well Laid is Absolute Economy 

Granite Paving Block Manufacturers' Ass'n 

of the U. S. A.. Inc. 



31 State Street 




Asphalt Blocks 

for 

Resurfacing Country Roads 



A REAL PAVEMENT ON A REAL COUNTRY ROAD 

ALBANY POST ROAD, TOWN OF MT. PLEASANT, N. Y. 

LAID 1910 

Part of an Eight Mile Stretch of Aiphalt Block* 

The Asphalt Block is a composition of Trinidad "Lake" Asphalt, crushed trap rock 
and inorganic dust, thoroughly mixed at a temperature of 300°F., and pressed into 
block form by hydraulic presses working under the tremendous pressure of 240 
tons per block. 

The manufacture of Asphalt Blocks is now a national industry with plants in 
many parts of the country. The use of Asphalt Blocks has reached a total of 
over fifteen million square yards. 

Asphalt Block Pavements are Durable, Reasonable in Cost, Pleasing in Ap- 
pearance, not Affected by Extremes of Temperature, Noiseless and Sanitary. 
The field for As^alt Blocks is by no means limited to their use on public streets 
and roadways. They are used extensively for the wearing surface of piers, ware- 
houses, loading platforms, bridges and factory floors. 

Asphalt Blocks have stood the test of time 

For further information addreaa 

THE HASTINGS PAVEMENT CO. 

25 BROAD STREET NEW YORK CITY 



ASPHALT FILLER 

Asphaltic Roadway Gravel 
Roofing Gravel 



GROUND 



MASCOT 



LIMESTONE 



AMERICAN BALLAST COMPANY 

12161-1219 Hobton National Bank Building 

KNOXVILLE TENNESSEE 



Societa Sicula per Tesplotazione delF 
Asfalto naturale Siciliano 

(Own Mines and Works at Ragusa, Sicily) 

HEAD OFFICE AT PALERMO, VIA GIRGENTI 3 

Cable Address, Rotland, Palermo. A. B. C, 5th Ed., Code used 

Exportation of 

SICILY NATURAL ROCK ASPHALT 
SICILY ASPHALT POWDER IN 50 KILO SACKS 
SICILY ASPHALT MASTIC IN 25 KILO BLOCKS 
COMPRESSED SICILIAN ROCK ASPHALT SLABS 

MANY MILLIONS OF SQUARE METRES IN BERLIN, PARIS, VIENNA 
BUCAREST, GLASGOW; CAIRO, EGYPT, AND ATHENS, ALSO IN MONTREAL 
(CANADA), AND IN NEW YORK, PHILADELPfflA, BOSTON, NEW ORLEANS 
AND OTHER ATLANTIC PORTS IN THE UNITED STATES HAVE BEEN 
LAID WITH SUCCESS SINCE 1888. 

T. HUGH BOOKMAN, Consulting Engineer 

1 Broadway, New York 
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ASPHALTS AND 
ALLIED SUBSTANCES 



Their OccurreDce, Mode of Production, 
Uses in the Arts and Methods of Testing 

By HERBERT ABRAHAM 

B.S. of Chemistry, Member A.C.S.,S.C.I.,A.S.T.M.,T.A.T.M. 
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Part I. General Considerations 

Historical outline, noir enclature and classi- of bitumens and pyrobitumens. Annual pro- 
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Part II. Semi-Solid and Solid Native Bituminous Substances 
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Begtrup, J. The Slide Valve. Svo, 

Bender, C. E. Continuous Bridges. (Science Series No. 26.) i6mo, 

Proportions of Pins used in Bridges. (Science Series No. 4.) 

i6mo, 
Bengottgh, G. D. Brass. (Metallurgy Series.) (In Press.) 

Bennett, H. G. The Manufactture of Leather 8vo, 

Bernthsen, A. A Text - book of Organic Chemistry. Trans, by G. 
ITGowan i2mo, 

Bersch, J. Manufacture of Mineral and Lake Pigments. Trans, by A. C. 

Wright Svo, 

Bertin, L. £. Marine Boilers. Trans, by L. S. Robertson Svo, 

Beveridge, J. Papermaker's Pocket Book i2mo, 

Binnie, Sir A. Rainfall Reservoirs and Water Supply Svo, 

Binns, C. F. Manual of Practical Potting Svo, 

The Potter's Craft i2mo, 

Birchmore, W. H. Interpretation of Gas Analysis i2mo, 

Blaine, R. G. The Calculus and Its Applications i2n:o, 

Blake, W. H. Brewers' Vade Mecum Svo, 

Blanchard, W. M. Laboratory Exercises in General Chemistry. .i2mo, 
Bldsdale, W. C. Quantitative Chemical Analysis. (Van Nostrand's 

Textbooks.) i2mo, 

Bligh, W. G. The Practical Design of Irrigation Works Svo, 
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Bloch, L. Science of Illuminatioii. Trans, by W. C. Clinton 8to, 

Blok, A. Illumination and Artificial Lighting i2nio, 

Bliicher, H. Modem Industrial Chemistry. Trans, by J. P. Millington. 

bvo, 

Elyth, A. W. Foods: Their Composition and Analysis 8vo, 

Poisons: Their Effects and Detection 8vo, 

Bockmann, F. Celluloid i2mo, 

Bodmer, G. R. Hydraulic Motors and Turbines i2mo, 

Boileau, J. T. Traverse Tables 8vo, 

Bonney, G. E. The Electro-platers* Handbook i2mo, 

Booth, N. Guide to the Ring-spinning Frame i2mo, 

Booth, W. H. Water Softening and Treatment 8vo, 

Superheaters and Superheating and Their Control Svo, 

Bottcher, A. Cranes: Their Construction, Mechanical Equipment and 

Working. Trans, by A. Tolhausen 4to, ' 

Bottler, M. Modem Bleaching Agents. Trans, by C. Salter i2mo, 

Bottone, S. 1^, Magnetos for Automobilists iimo, 

Electro -Motors, How Made and How Use i2mo, 

Boulton, S. B. Preservation of Timber. (Science Series No. 82).i6mo, 

Bourcart, E. Insecticides, Fungicides and Weedkillers 8vo, *6 00 

Bourgougnon, A. Physical Problems. (Science Series No. ii3.).i6mo, o 75 

Bourry, £. Treatise on Ceramic Industries. Trans, by A. B. 8«arle. 

Svo (In Press.) 

Bowie, A. J., Jr. A Practical Treatise on Hydraulic Mining Svo, 

Bowls, 0. Tables of Common Rocks. (Science Series No. i25.).i6mo. 

Bowser, £. A. Elementary Treatise on Analjrtic Geometry i2mo, 

Elementary Treatise on the Differential and Integral Calculus . i2mo, 

Elementary Treatise on Analytic Mechanics i2mo, 

Elementary Treatise on Hydro-mechanics iimo, 

— - A Treatise on Roofs and Bridges i2mo, 

Boycott, G. W. M. Compressed Air Work and Diving 8vo, 

Bradford, G Whys and Wherefores of Navigation i2mo, 

Sea Teims and Phrases i2mo, fabrikoid (In Press.) 

Bragg, E. M. Marine Engine Design i2mo, 

Design of Marine Engines and Auxilfbries 8vo, 

Brainard, F. R. The Sextant. (Science Series No. loi.) i6mo, 

Brassey's Naval Annual for 1915. War Edition ....8vo, 

Briggs, R., and Wolff, A. R. Steam-Heating. (Science Series No. 

68.) i6mo, 

Bright, C. The Life Story of Sir Charles Tilsoji Bright Svo, 

Telegraphy, Aeronautics and War Svo, 

Brislee, T. J. Introduction to the ^tudy of Fuel. (Outlines of Indus- 
trial Chemistry.) Svo, 

Broadfoot, S. K. Motors: Secondary Batteries. (Installation Manuals 

Series.) i2mo, 

Broughton, H. H. Electric Cranes and Hoists 

Brown, G. Healthy Foundations. (Science Series No. 80.) i6mo, 

Brown, H. Irrigation Svo, 

BrowT), H. Rubber Svo, 

W, A. Portland Cement Industry Svo, 

Brown, Wm. N. Dipping, Bumishing, Lacquering and Bronzing 

Brass Ware iimo, 

Handbook on Japanning i2mo, 



5 


00 





75 


I 


75 


2 


25 


3 


00 


2 


50 


*2 


25 


*4 25 


2 


00 


♦2 


00 


*3 


00 


4 


00 





75 


*4 


50 


6 


00 


*3 


00 


*o 


75 





75 


*5 


00 


*2 


00 


3 


DO 


*i 


50 


*2 


00 



6 D. VAN NOSTRAND CO/S SHORT TITLE CATALOG 

Brown« Wm. N. The Art of Enamelling on Metal z2mo, *2 oo 

House Decorating and Painting i2mo, *2 oo 

History of Decorative Art iimo ""o 50 

Workshop Wrinkles 8vo, *i 00 

Browne, C. L. Fitting and Erecting of Engines 8vo, *i 50 

Browne, R. E. Water Meters. (Science Series No. 81) i6mo, o 75 

Bruce, £. M. Detection of Common Food Adulterants iimo, i 25 

Bronner, R. Manufacture of Lubricants, Shoe Polishes and Leather 

Dressings. Trans, by C. Salter 8vo, *3 50 

Bucl, R. H. Safety Valves. (Science Series No. 21.) i6mo, o 75 

Bunkley, J. W. Military and Naval Recognition Book i6mo, i 00 

Burley, G. W. Lathes. Their Construction and Operation i2mo, 2 00 

Machine and Fitting Shop Practice i2mo, 2 00 

Testing of Machine Tools i2mo, 2 00 

Burnslde, W. Bridge Foundations i2mo, *2 00 

Borstall, F. W. Energy Diagram for Gas. With Text 8vo, i 50 

— Diagram. Sold separately *i 00 

Burt, W. A. Key to the Solar Compass i6mo, leather, 2 50 

Buskett, E. W. Fire Assaying i2mo, *i 25 

Butler, H. J. Motor Bodies and Chassis 8vo, '''s 00 

Byers, H. G»i and Enigbt, H. O, Notes on Qualitative Analysis — 8vo, *i 50 



>< 



Cain, W. Brief Course to the Calculus iimo, *i 75 

Elastic Arches. (Science Series No. 48.) i6mo, o 75 

Maximum Stresses. (Science Series No. 38.) i6mo, o 75 

•— ^ Practical Designing Retaining of WaUs. (Science Series No. 3.) 

i6mo, o 75 
•——Theory of Steel-concrete Arches and of Vaulted Structures. 

(Science Series No. 42.) i6mo, o 75 

——Theory of Voussoir Arches. (Science Series No. 12.) i6mo, o 75 

Symbolic Algebra. (Science Series No. 73.) i6mo, o 75 

Calvert, O. T. The Manufacture of Sulphate of Ammonia and 

Crude Ammonia i2mo, 4 00 

Carey, A. E., and Oliver, F. W. Tidal Lands 8vo, 5 00 

Carpenter, F. D. Geographical Surveying. (Science Series No. 37. ).i6mo, 

Carpenter, R. C, and Diederichs, H. Internal Combustion Engines. . 8vo, *5 00 

Carter, H. A. Ramie (Rhea), China Grass i2mo, *3 00 

Carter, H. R. Modem Flax, Hemp, and Jute Spinning 8vo, *3 50 

Bleaching, Dyeing and Finishing of Fabrics 8vo, *i 25 

Cary, £^ R. Solution of Railroad Problems with the Slide Rule. . i6mo, *i 00 

easier, M. D. Simplified Reinforced Concrete Mathematics i2mo, *i 00 

Cathcart, W. L. Machine Design. Part L Fastenings 8vo, "^3 00 

Cathcart, W. L., and Chaffee, J. I. Elements of Graphic Statics . . .8vo, *3 00 

— — Short Course in Graphics i2mo, i 50 

Caven, R. M., and Lander, G. D. Systematic Inorganic Chemistry. i2mo, *2 00 

Chalkley, A. P. Diesel Engines 8vo, ^4 00 

Chalmers, T. W. The Production and Treatment of Vegetable Oils, 

4to, 7 50 

Chambers' Mathematical Tables 8vo, i 75 

Chambers, G. F. Astronomy i6mo, *i 50 

Chappel, E. Five Figure Mathematical Tables 8vo, *2 00 

Charnock, Mechanical Technology 8vo, *3 00 

Charpentier, P. Timber. . . . .• 8vo, *6 00 
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Chatley, H. Principles and Designs of Aeroplanes. (Science Series 

No. 126.) i6mo, o 7S 

How to Use Water Power i2mo, *i 50 

Gyrostatic Balancing 8vo, *i 25 

Child, C. D. Electric Arc .8vo, *2 00 

Christian, M. IMsinfection and Disinfectants. Trans, by Chas. 

Salter i2mo, 2 50 

Christie, W. W. Boiler-waters, Scale, Corrosion, Foaming 8vo, *3 00 

— ^ Chimney Design and Theory Svo, *3 00 

Furnace Draft. (Science Series No. 123.) i6mo, o 75 

— Water: Its Purification and Use in the Industries Svo, *2 00 

Church's Laboratory Guide. Rewritten by Edward Kinch..., Svo, *i 50 

Clapham, J. H. Woolen and Worsted Industries Svo, 2 00 

Clapperton, G. Practical Papermaking Svo, 2 50 

Clark, A. G. Motor Car Engineering. 

Vol. I. Construction *4 00 

Vol. II. Design Svo, *3 50 

Clark, C. H. Marine Gas Engines. New Edition 2 00 

Clark, J. M. New System of Laying Out Railway Turnouts i2mo, i 00 

Clarke, J. W., and Scott, W. Plumbing Practice. 

Vol. I. Lead Working and Plumbers' Materials Svo, *4 00 

Vol. II. Sanitary Plumbing and Fittings (In Pres^.) 

Vol. in. Practical Lead Working on Roofs (In Press.) 

Clarkson, R. P. Elementary Electrical Engineering (In Press.) 

Clausen-Thue, W. A B C Universal Commercial Telegraphic Code. 
Sixth Edition ...(In Press.) 

Clerk, D., and Idell, F. E? Theory of the Gas Engine. (Science Series 

No. 62.) _ i6mo, o 75 

Clevenger, S. R. Treatise on the Method of Government Surveying. 

i6mo, morocco, 2 50 

Cloutfa, F. Rubber, Gutta-Percha, and Balata Svo, *6 00 

Cochran, J. Concrete and Reinforced Concrete Specifications. .... .Svo, *2 50 

Treatise on Cement Specifications Svo, *i 00 

Cocking, W. C. Calculations for Steel-Frame Structures i2mo, *2 50 

« Coffin, J. H. C. Navigation and Nautical Astronomy i2mo, 3 00 

Colbum, Z., and Thurston, R. H. Steam Boiler Explosions. (Science 

Series No. 2.) i6mo, o 7^ 

Cole, R. S. Treatise on Photographic Optics i2mo, i 50 

Coles-Finch, W. Water, Its Origin and Use Svo, *5 00 

Collins, C. D. Drafting Room Methods, Standards and Forms Svo, 2 00 

Collins, J. E. Useful Alloys and Memoranda for Goldsmiths, Jewelers. 

i6mo, o 50 

Collins, S. Hoare. Plant Products and Chemical Fertilizers Svo, 3 00 

Collis, A. G. High and Low Tension Switch-Gear Design Svo, *3 50 

Switchgear. . (Installation Manuals Series.) i2mo, *o 50 

Colver, E. D. S. High Explosives Svo, 1250 

Comstock, D. F., and Troland, L. T. The Nature of Electricity and 

Matter Svo, *2 00 

Coombs, H. A. Gear Teeth. (Science Series No. 120.) i6mo, o 75 

Cooper, W. R. Primary Batteries Svo, *6 00 

Copperthwaite, W. C. Tunnel Shields 4to, *g 00 

Corfield, W. H. Dwelling Houses. (Science Series No. 50.) i6mo, o 75 

, -Water and Water-Supply. (Science Series No. 17.) i6mo, o 75 
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Cornwall, H. B. Manual of Blow-pipe Analysis 8vo, *2 50 

Cowee, G. A. Practical Safety Methods and Devices 8vo, ^3 00 

Cowell, W. B. Pure Air, Ozone, and Water iimo, 

Craig, J. W^ and Woodward, W. P. Questions and Answers About 

Electrical Apparatus lamo, leather, 

Craig, T. Motion of a Solid in a Fuel. (Science Series No. 49.) -16010, 
< Wave and Vortex Motion. (Science Series No. 43.) i6mo. 

Cramp, W. Continuous Current Machine Design 8vo, 

Creedy, F. Single Phase Commutator Motors ,8vo, 

Crehore, A. C. Mystery of Matter and Energy Svo, 

Crocker, F. B. Electric Lighting. Two Volumes. Svo. 

Vol. I. The Generating Plant 3 00 

Vol. n. Distributing Systems and Lamps 

Crocker, F. B., and Arendt, M. Electric Motors Svo, *2 5« 

Crocker, F. B., and Wheeler, S. S. The Management of Electrical Ma- 
chinery i2mo, 

Crosby, E. U., Fiske, H. A., and Forster, H. W. Handbook of Fire 
Protection iimo. 

Cross, C. F., Bevan, B. J., and Sindall, R. W. Wood Pulp and Its Applica- 
tions. (Westminster Series.) Svo, 

Crosskey, L. R. Elementary Perspective Svo, 

Crosskey, L. R., and Thaw, J. Advanced Perspective Svo, 

Culley, J. L. Theory of Arches. (Science Series No. 87.) i6mo, 

Cushing, H. C, Jr., and Harrison, N. Central Station Management. .. 

Dadourian, H. M. Analjrtical Mechanics X2mo, *3 00 

Danby, A. Natural Rock Asphalts and Bitumens Svo, *2 50 

Davenport, C. The Book. (Westminster Series.) Svo, *2 00 

Davey, N. The Gas Turbine Svo, *4 00 

Davies, F. H. Electric Power and Traction Svo, *2 00 

> Foundations and Machinery Fixing. (Installation Manual Series.) 

i6mo, *i 00 

Deerr, N. Sugar Cane Svo, 900 

Deite, C. Manual of Soapmaking. Trans, by S. T. King 4to, 

De la Couz, H. The Industrial Uses of Water. Trans, by A Morris. Svo, *s 00 

Del Mar, W. A. Electric Power Conductors Svo, *2 00 

Denny, G. A. Deep-level Mines of the Rand 4to, *io 00 

Diamond Drilling for Gold *5 00 

De Roos, J. D. C. Linkages. (Science Series No. 47.) i6mo, o 75 

Derr, W. L. Block Signal Operation Oblong i2mo, *i 50 

Maintenance-of-Way Engineering (In Preparation.) 

Desaint, A. Three Hundred Shades and How to Mix Them Svo, *9 00 

De Varona, A. Sewer Gases. (Science Series No. 55.) i6mo, o 75 

Devey, R. G. Mill and Factory Wiring. (Installation Manuals Series.) 

i2mo, *i 00 

Dibdin, W. J. Purification of Sewage and Water Svo, 6 50 

Dichmann, Carl. Basic Open-Hearth Steel Process i2mo, *3 50 . 

Dieterich, E. Analysis of Resins, Balsams, and Gum Resins Svo, *3 50 

Dilworth, E. C. Steel Railway Bridges 4to. *4 00 

Dinger, Lieut. H. C. Care and Operation of Naval Machinery. . .i2mo, "^3 00 

Dixon, D. B. Machinist's and Steam Engineer's Practical Calculator. 

i6mo, morocco, i 25 
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Dommett, W. £. Motor Car Mechanism iiino, *2 00 

Dorr, B. F. The Surveyor's Guide and Pocket Table-book. 

i6mo, morocco, 2 oo 

llhiper, 0. H. Elementary Text-book of Light, Heat and Sound . . i2mo, i 00 

Heat and the Principles of Thermo-djmamics i2mo, *2 00 

Draper, £. 6^ Navigating the Ship lamo, i 50 

Dron, R. W. Mining Formulas i2mo, i 00 

Dubbel, H. High Power Gas Engines 8vo, *5 00 

Dumesny, P., and Noyer, J. Wood Products, Distillates, and Extracts. 

8vo, *5 00 

Duncan, W. G., and Penman, D. The Electrical Equipment of Collieries. 

8vo, 
Dunkley, W. G. Design of Machine Elements. Two volumes. .8vo,each, 

Dunstan, A. E., and Thole, F. B. T. .Textbook of Practical Chemistry. 

i2mo, 
Durham, H. W. Saws 8va 

Duthie, A. L. Decorative Glass Processes. (Westminster Series.) . 8vo, 

Dwigfat, H. B. Transmission Line Formulas 8vo, 

Dyke, A. L. Dyke's Automobile and Gasoline Engine Encyclopedia . 8vo, 

Dyson, S. S. Practical Testing of Raw Materials 8vo, 

Dyson, S. S., and Clarkson, S. S. Chemical Works 8vo, 

Eccles, W. H. Wireless Telegraphy and Telephony i2mo, 

£ck, J. Light, Radiation and Illumination. Trans, by Paul Hogner, 

avo, 

Eddy, H. T. Maximum Stresses under Concentrated Loads .8vo, 

Eddy, L. C. Laboratory Manual of Alternating Currents i2mo, 

Edelman, P. Inventions and Patents i2mo. 

Edgcumbe, K, Industrial Electrical Measuri^c: Instrun^ents 8vo. 

Edler, R. Switches and Switch?^ear. Trans, by Ph. Laubach . . . 8 vo 
Eissler, M. The Metallurgy of Gold 8vo. 

The Metallurgy of Silver 8vo, 

The Metallurgy of Argentiferous Load 8vo, 

A Handbook on Modem Explosives 8vo, 

Ekin, T. C. Water Pipe and Sewage Discharge Diagrams folio, 

Electric Light Carbons, Manufacture of .8vo, 

Eliot, C. W., and Storer, F. H. Compendious Manual of Qualitative 

Chemical Analysis i2mo, 

Ellis, C. Hydrogenation of Oils. .' 8vo, 

Ultraviolet Light, Its Applications in Chemical Arts i2mo, 

(In Press) 
Ellis, G. Modem Technical Drawing 8vo, 

Ennis, Wm. D. Linseed Oil and Other Seed Oils \8vo, 

Applied Thermodynamics 8vo, 

Flying Machines To-day * i2mo, 

Vapors for Heat Engnines i2mo, 

Ermen, W. F. A. Materials Used in Sizing 8vo, 

Erwin, M. The Universe and the Atom i2mo, 

Evans, C. A. Macadamized Roads (In Press.) 

Ewing, A. J. Magnetic Induction in Iron 8vo, *4 00 

Fairchild, J. F. Granhical Compass Conversion Chart and Tables... o 50 

Fairie, J. Notes on Lead Ores.' i2mo, *o 50 

Notes on Pottery Clays i2mo, *2 00 
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Fairley, W., and Andre, Geo* J. Ventilatioii of Coal Mines. (Science 

Series No. 58.) i6ino, o 75 

Fairweather, W. C. Foreign and Cokmial Patent Laws 8vo, *3 00 

Fanning, J. T. Hydraulic and Water-supply Engineering 8vo, *5 00 

Fay, I. W. The Coal-tar Dyes 8vo, *4 00 

Fembach, R. L. Glue and Gelatine Svo, *3 00 

Findlay, A. The Treasures of Coal Tar lamo, 2 00 

Firth, J. B. Practical Physical Chemistry i2mo, z 25 

Fischer, £. The Preparation of Organic Compounds. Trans, by R. V. 

Stanford lamo, *i 50 

Fish, J. C. L. Lettering of Working Drawings Oblong Svo, i 00 

Fisher, H. K. C, and Darby, W. C. Submarine Cable Testing Svo, *3 50 

Fleischmann, W. The Book of the Dairy. Trans, by C. M. Aikman. 

Svo, 4 50 

Fleming, J. A« The Alternate-current Transformer. Two Volumes. Svo. 

Vol. I. The Induction of Electric Currents *6 50 

Vol, n. The Utilization of Induced Currents 6 50 

Propagation of Electric Currents Svo, *3 00 

A Handbook for the Electrical Laboratory and Testing Room. Two 

Volumes Svo, each, *6 5© 

Fleury, P. Preparation and Uses of White Zinc Paints Svo, *2 75 

Fljom, P. J. Flow of Water. (Science Series No. 84.) i2mo, o 75 

Hydraulic Tables. (Science Series No. 66.) i6mo, o 75 

Forgie, J. Shield Tunneling Svo. (In Press.) 

Foster, H. A. Electrical Engineers' Pocket-book. (Seventh Edition.) 

i2mo, leather, 5 00 

Engineering Valuation of Public Utilities and Factories Svo, *3 00 

Handbook of Electrical Cost Data Svo {In Press.) 

Fowle, F. F. Overhead^Transmission Line Crossings i2mo, *x 50 

The Solution of Alternating Current Problems Svo (In Press.) 

Fox, W. G. Transition Ciurves. (Science Series No. no.) i6mo, o 75 

Fox, W., and Thomas, C. W. Practical Course in Mechanical Draw- 
ing i2mo, I 25 

Foye, J. C. Chemical Problems. (Science Series No. 69.) i6mo, o 75 

Handbook of Mineralogy. (Science Series No. 86.) i6mo, o 75 

Francis, J. B. Lowell Hydraulic Experiments 4to, 15 00 

Franzen, H. Exercises in Gas Analysis. . .' lamo, "^i 00 

Freudemacher, P. W. Electrical Mining Installations. (Installation 

Manuals Series.) i2mo, *i 00 

Friend, J. N. The Chemistry of Linseed Oil lamo, i 00 

Frith, J. Alternating Current Design Svo, *2 50 

Fritsch, J. Manufacture of Chemical Manures. Trans, by D. Grant. 

Svo, *5 00 

Frye, A. I. Civil Engineers' Pocket-book i2mo, leather, *5 00 

Fuller, G. W. Investigations into the Purification of the Ohio River. 

4to, *io 00 

Fumell, J. Paints, Colors, Oils, and Varnishes Svo. 

Gairdner, J. W. L Earthwork Svo i^In Press.) 

Gant, L. W. Elements of Electric Traction Svo, *2 50 
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i 

Garcia, A. J. R« V. Spanish-English Railway Terms 8vo, *4 $o 

Gardner, H. A. Paint Researches, and Their Practical Applications, 

8vo, *5 oo 

Garforth, W. £. Rules for Recovering Coal Mines after Explosions and 

Fires i2mo, leather, i 50 

Garrard, C. C Electric Switch and Controlling Gear 8vo, *6 00 

Gaudard, J. Foundations. (Science Series No. 34.) i6mo, o 75 

Gear, H. B., and Williams, P. F. Electric Central Station Distrihution 

Systems : 8vo, *3 50 

Geerligs, H. Cj P. Cane Sugar and Its Manufacture ^ . .Svo, *6 00 

Chemical Control in Cane Sugar Factories 4to, 5 00 

Geikie, J. Structural and Field Geology 8vo, *4 00 

Mountains. Their Growth, Origin and Decay Svo, *4 00 

The Antiquity of Man in Europe Svo, *$ 00 

Georgi, F., and Schubert, A. Sheet Metal Working. Trans, by C. 

Salter Svo, 3 50 

Gerhard, W. P. Sanitation, Watersupply and Sewage Disposal of Country 

Houses i2mo, *2 00 

Gas Lighting. (Science Series No. iii.) * i6mo, o 75 

Household Wastes. (Science Series No. 97.) i6mo, 75 

House Drainage. (Science Series No. 63.) i6mo, o 75 

Sanitary Drainage of Buildings. (Science Series No. 93.) . .i6mo, 075 

Gerhardi, C. W. H. Electricity Meters Svo, *7 20 

Geschwind, L. Manufacture of Alum and Sulphates. Trans, by C. 

Salter Svo, *5 00 

Gibbings, A. H. Oil Fuel Equipment for Locomotives. Svo, *2 50 

Gibbs, Wc E. Lighting by Acetylene i2mo, *i 50 

Gibson, A. H. Hydraulics and Its Application Svo, *5 00 

Water Hammer in Hydraulic Pipe Lines i2mo, *2 00 

Gibson, A. H., and Ritchie, E. G. Circular Arc Bow Girder 4to, *3 50 

Gilbreth, F. B. Motion Study i2mo, *2 00 

Primer of Scientific Management i2mo, *i 00 

Gillmore, Gen. Q. A. Roads, Streets, and Pavements i2mo, i 25 

Godfrey, E. Tables for Structural Engineers i6mo, leather, *2 50 

Golding, H. A. The Theta-Phi Diagram i2mo, *2 00 

Goldschmidt, R. Alternating Current Commutator Motor Svo, ^3 00 

Goodchild, W Precious Stones. (Westminster Series.) Svo, *2 00 

Goodell, J. M. The Location, Construction and Maintenance of 

Roads Svo, I 5e 

Goodeve, T. M. Textbook on the Steam-engine i2mo, 2 00 

Gore, G. Electrolytic Separation of Metals. . , . «, ., Svo, *3 50 

Gould, E. S. Arithmetic of the Steam-engine i2mo, i 00 

— Calculus. . (Science Series No. 112.) i6mo, o 75 

High Masonry Dams. (Science Series No. 22.) i6mo, 075 

Gould, E* S. Practical Hydrostatics and Hydrostatic Formulas. (Science 

Series No. 117.) i6mo, o 75 



12 D. VAN NOSTRAND CO/S SHORT TITLE CATALOG 

Oratacap, L. P. A Popular Guide to Minerals 8vo, *2 oo 

Gray, J. Electrical lafluence Machines i2mo, 2 00 

Marine Boiler Design i2mo, *i 25 

Greenhill, G. Dynamics of Mechanical Flight 8vo, *2 So 

Gregorius, R. Mineral Waxes. Trans, by C. Salter iirno, *3 00 

Grierson, R. Some Modem Methods of Ventilation Svo, *3 00 

Griffiths^ A. B. A Treatise on Manures iimo, 

- — Dental Metallurgy 8vo, 

Gross, E. Hops 8vo, 

Grossman, J. Ammonia and Its Compounds i2mo, 

Groth, L. A. Welding and Cutting Metals by Gases or Electricity. 

(Westminster Series) 8vo, 

Grover, F. Modern Gas and Oil Engines 8vo, 

Gniner, A. Power-loom Weaving 8vo, 

Grunsky, C. E. Topographic Stadia Surveying i6mo, 

GUldner, Hugo. Internal Combustion Engines. Trans, by H. Diederichs. 

4to, 

Gunther, C. 0. Integration 8vo, 

Gurden, R. L. Traverse Tables *. ... folio, half morocco, 

Guy, A. £. Experiments on the Flexure of Beams 8vo, 

Haeiiig, A. Emery and Emery Industry , 8vo, 

Hainbach, R. Pottery Decoration. Trans, by C. Salter i2mo, 

Hale, W. J. Calculations of General Chemistry i2mo, 

Hall, C. H. Chemistry of Paints and Paint Vehicles i2mo, 

Hall, G. L. Elementaay Theory of Alternate Current Working 8vo, 

Hall, R. H. Governors and Governing Mechanism i2mo. 

Hall, W. S. Elements of the Differential and Integral Calculus 8vo, 

Descriptive Geometry 8vo volume and a 4to atlas, 

Haller, G. F., and Cunningham, E. T. The Tesla Coil i2mo, 

Halsey, F. A. Slide Valve Gears i2mo, 

The Use of the Slide Rules. (Science Series No. 114.) i6mo, 

Worm and Spiral Gearing. (Science Series No. 116.) i6mo, 

Hancock, H. Textbook of Mechanics and Hydrostatics . . 8vo, 

Hancock, W. C. Refractory Materials. (Metallurgy Series.) (In Press.) 

Hardy, E. Elementary Principles of Oraphic^tatics i2mo, 

Haring, H. Engineering Law. 

Vol. I. Law of Contract 8vo, 

Harper, J. H. Hydraulic Tables on the Flow of Water i6mo, 

Harris, S. M. Practical Topographical Surveying (In Press.) 

Harrison, W. B. The Mechanics' Tool-book i2mo, 

Hart, J. W. External Plumbing Work 8vo, 

. Hints to Plumbers on Joint Wiping 8vo, 

^Principles of Hot Water Supply 8vo, 

Sanitary Plumbing and Draininge , 8vo, 

Haskins, C. H. The Galvanometer and Its Uses i6mo, 

Hatt, J. A. H. The Colorist square i2mo, 

Hausbrand, E. Drying by Means of Air and Steam. Trans, by A. C. 

Wright i2mo, 

Evaporating, Condensing and Cooling Apparatus. Trans, by A. C. 

Wright Svo, 



3 


00 


*3 


50 


*5 


00 


*i 


25 


*2 


00 


*3 


00 


*3 


50 


2 


00 


^15 


00 


*i 


25 


*7 


50 


*i 


25 


*2 


50 


*3 


50 


*i 


25 


*2 


00 


*2 


50 


^2 


25 


*3 


50 


*i 


25 


I 


50 





75 





75 


I 


50 


*i 


50 


*4 


00 


*2 


00 


I 


50 


*3 


50 


*3 


50 


*3 


50 


*3 


50 


I 


50 


*i 


50 


*2 


50 


*6 


00 



D. VAN NOSTRAND CO/S SHORT TITLE CATALOG 13 

Hausmann, E. Telegraph Engineering 8vo, *3 00 

Hausner, A. Manufacture of Preserved Foods and Sweetmeats. Trans, 
by A. Morris and H. Kobson , 8vo, 

Hawkesworth, J. Graphical Handbook for Reinforced Concrete Design. 

4to, 

Hay, A. Continuous Current Engineering 8vo, 

Hayes, H. V. Public Utilities, Their Cost New and Depreciation. . .Svo, 

Public Utilities, Their Fair Present Value and Return Svo, 

Heath, F. H. Chemistry of Photography Svo. {In Press.) 

Beather, H. J. S. Electrical Engineering Svo, 

Heaviside, O. Electromagnetic Theory. Vols. I and II Svo, each, 

Vol. m .Svo, 

Heck, R. C. H. The Steam Engine and Turbine Svo, 

Steam-Engine and Other Steam Motors. Two Volumes. 

Vol. I. Thermodynamics and the Mechanics Svo, 

Vol. 11, Form, Construction, and Working Svo, 

Notes on Elementary Kinematics Svo, boards, 

Graphics of Machine Forces Svo, boards, 

Heermann, P. Dyers' Materials. Trans, by .A C. Wright lamo, 

Hellot, Macquer and D' Apligny. Art of Dyeing W ool. Silk and Cotton. Svo, 

Henrici, 0. Skeleton Structures Svo, 

Bering, C, and Getman, F. H. Standard Tables of Electro-Chemical 
Equivalepts zimo, 

Bering, D. W. Essentials of Physics for College Students Svo, 

Hering-Shaw, A. Domestic Sanitation and Plumbing. Two Vols. . . Svo, 

Hering-Shaw, A. Elementary Science Svo, 

Hcringtbh, C. F. Powdered Coal as Fuel Svo, 30a 

Herrmann, G. The Graphical Statics of Mechanism. Trans, by A. P. 

Smith i2mo, 2 00 

Herzfeld, J. Testing of Yams and Textile Fabrics Svo. 

(New Edition in Preparation,) 
Hildebrandt, A. Airships, Past and Present Syo, 

Hildenbrand, B. W. Cable-Making. (Science Series No. 32) i6mo, o 75 

Hilditch, T. P. A Concise History of Chemistry i2mo, '*'z 5a 

Hill, J. W. The Purification of Public Water Supplies. New Edition. 

(In Press.) 
Interpretation of Water Analysis (In Press.) 

Hill, M. J. M. The Theory of Proportion Svo, *2 50 

Hillhouse, P. A. Ship Stability and Trim Svo, 4 50 

Hiroi, I. Plate Girder Construction. (Science Series No. 95.)..T6mo, o 75 

Statically-Indeterminate Stresses i2mo, *2 00 

Hirshfeld, C. F. Engineering Thermodynamics. (Science Series No. 45.) 

i6mo, o 75 
Hoar, A. The Submarine Torpedo Boat i2mo, *2 06 

Hobart, H. M. Heavy Electrical Engineering Svo, ^4 50 

Design of Static Transformers i2mo, *2*oo 

Electricity Svo, *2 00 

Electric Trains ; Svo, *2 50 

— Electric Propulsion of Ships Svo, *2 50 
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Hobart, J. F. Hard Soldering, Soft Soldering and Brazing x2mo, *x oo 

Hobbs, W. R. P. The Arithmetic of Electrical Measurements i2mo, o 75 

Hoff, J. N. Paint and Varnish Facts and Formulas i2mo, ""i 50 

Halt, W. The Distribution of Gas 8vo, 

HoUey, A. L. Railway Practice folio, 

Hopkins, N. M. Model Engines and Small Boats i2mo, 

Hopkinson, J^ Shoolbred, J. N., and Day, R. E. Dynamic Electricity. 

'*' (Science Series No. 71.) i6mo. 

Homer, J. Practical Ironfounding 8vo, 

Gear Cutting, in Theory and Practice Svo, 

Homiman, Roy. How to Make the Railways Pay For the War Svo, 

Houghton, C. E. The Elements of Mechanics of Materials i2mo, 

Houstoun, R. A. Studies in Light Production i2mo, 

Hovenden, F. Practical Mathematios for Young Engineers i2mo, "^i 50 

Howe, G. Mathematics for the Practical Man i2mo, '^'i 25 

Howorth, J. Repairing and Riveting Glass, China and Earthenware. 

Svo, paper, *o 50 

Hoyt, W. E. Chemistry by Experimentation Svo, *o 70 

Hubbard, E. The Utilization of Wood-waste Svo, *2 50 

Hiibner, J. Bleaching and Dyeing of Vegetable and Fibrous Materials. 

(Outlines of Industrial Chemistry.) Svo, '''5 00 

Hudson, 0. F. Iron and Steel. (Outlines of Industrial Chemistry.). Svo, *2 00 

Humphrey, J. C. W. Metallography of Strain. (Metallurgy Series.) 

(In Press.) 

Humphreys, A. C. The Business Features of Engineering Practice. <8vo. '^x 25 

Hunter, A. Bridge Work Svo. (In Press,) 

Hurst, G. H. Handbook of the Theory of Color Svo, *3 50 

Dictionary of Chemicals and Raw Products Svo, *s 00 

Lubricating Oils, Fata and Greases Svo, *s 00 

Soaps Svo, *6 00 

Hurst, G. H., and Simmons, W. H. Textile Soaps and Oils Svo, 3 50 

Hurst, H. E., and Lattey, R. T. Text-book of Physics Svo, '''a 00 

Also published in three parts. 

Part I. Dynamics and Heat *i 25 

Part II. Sound and Light *i 25 

Part ni. Magnetism and Electricity *i 50 

Hutchinson, R. W., Jr. Long Distance Electric Power Transmission. 

i2mo, *3 00 
Hutchinson, R. W., Jr., and Thomas, W. A, Electricity in Mining. i2mo, 

(In Press,) 

Hutchinson, W. B. Patents and How to Make Money Out of Them. 

i2mo, X 00 

Button, W. S. The Works' Manager's Handbook Svo, 6 00 

Hyde, E. W. Skew Arches. (Science Series No. 15.) i6mo, 075 

Hyde, F. S. Solvents, Oils, Gums, Waxes Svo, ^2 00 

Induction Coils. (Science Series No. 53.) .x6mo, o 75 

Ingham, A. E. Gearing. A practical treatise Svo, *2 50 

Ingle, H. Manual of Agricultural Chemistry Svo (In Prtss.) 
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Illness, C. H. Problems in Machine Design i2mo, ^3 00 

Air Compressors and Blowing Engines i2mo, 

Centrifugal Pumps lamo, *3 00 

The Fan i2mo, *4 00 

Jacob, A., and Gould, £. S. On the Designing and Construction of 

Storage Reservoirs. (Science Series No. 6.) i6mo, o 75 

Jannettaz, £. Guide to the Determination of Rocks. Trans, by G. W. 

Plympton i2mo, i 50 

Jehl, F. Manufacture of Carbons 8vo, "'4 00 

Jennings, A. S. Commercial Paints and Painting. (Westminster Series.) 

8vo, *4 oD 
Jennison, F. H. The Manufacture of Lake Pigments. .8vo {In Press.) 

Jepson, G. Cams and the Principles of their Construction Svo, *i 50 

Mechanical Drawing Svo (In Preparation.) 

Jervis-Smith, F. J. Dynamometers Svo, *3 50 

Jockin, W. Arithmetic of the Gold and Silversmith ........ lamo, *i 00 

Johnson^ J. H. Arc Lamps and Accessory Apparatus. (InsfSallation 

Manuals Series.) iimo, *o 75 

Johnson, T. M. Ship Wiring and Fitting. (Installation Manuals Series.) 

i2mo, *o 75 

Johnson, W. McA. The Metallurgy of Nickel (In Preparation.) 

Johnston, J. F. W., and Cameron, C. Elements of Agricultural Chemistry 

and Geology i2mo, 2 60 

Joly, J. Radioactivity and Geology i2mo, -^s 00 

Jones, H. C. Electrical Nature of Matter and Radioactivity i2mo, *2 00 

Nature of Solution Svo, *3 50 

— ^ New Era in Chemistry lamo, • *2 00 

Jones, J. H. Tinplate Industry Svo, *3 00 

Jones, M4 W. Testing Raw Materials Used in Paint lamo, *2 50 

Jordan, L. C. I^actical Railway Spiral i2mo, leather, *i 50 

Joynson, F. H. Designing and Construction of Machine Gearing . . Svo, 2 00 

Juptner, H. F. V. Siderdogy: The Science of Iron Svo, *5 00 

Kapp, G. Alternate Curr-^nt Machinery. (Science Series No. 96.) 

i6mo, o 75 

Kapper, F. Overhead Transmission Lines 4to, "^^ 00 

Keim, A. W. Prevention of Dampness in Buildings Svo, *2 50 

KeUer, S. S. Mathematics for Engineering Students. 1 2mo, half leather. 

and Knox, W. E. Analytical Geometry and Calculus *2 00 

Kelsey, W. R. Continuous-current D]mamos and Motors Svo, *2 50 

Kemble, W. T., and Underbill, C. R. The Periodic Law and the Hydrogen 

Spectrum Svo, paper, *o 50 

Kemp, J. F. Handbook of Rocks Svo, *i 50 

Kennedy, A. B. W., and Thurston, R. H. Kinematics of Machineiy, 

(Science Series No. 54.) i6mo, o 75 

Kennedy, A. B. W., Unwin, W. C, and Idell, F. E. Compressed Air. 

(Science Series No. 106 ) i6mo, o 75 
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Kennedy, R. Electrical Installations. Five Volumes 4to, 1500 

Single Volumes each, 3 50 

Flying Machines ; Practice and Design i2mo, *2 50 

Principles of Aeroplane Construction 8vo, *2. 00 

Kennelly, A. £. Electro-dynamic Machinery 8to, i 50 

Kent, W. Strenth of Materials. (Science Series No. 41.) i6nio, o 75 

Kershaw, ]. B. C. Fuel, Water and Gas Analysis 8vo, *2 50 

Electrometallurgy. (Westminster Series.) 8vo, *2 00 

The Electric Furnace in Iron and Steel Production i2mo, 

Electro- Thermal Methods of Iron and Steel Productien 8vo, "^300 

Kinzbrunner, C. Alternate Current Windings 8vo, *i 50 

Continuous Current Armatures 8vo, *i 50 

Testing of Alternating Current Machines 8vo, *2 <k> 

Kinzer, H., and Walter,^ K. Theory and Practice of Damask Weaving, 

Svo, 4 00 
Kirkaldy, A.. W., and Evans, A. D. History and Economics of 

Transport Svo, *3 00 

Kirkaldy, W. 6. David Kirkaldy 's System of Mechanical Testing. .4to, 10 00 

Kirkbride, J. Engraving for Illustration Svo, '^'i 00 

Kirkwood, J. P. Filtration of River Waters 4to, 7 50 

Kirschke, A. Gas and Oil Engines i2mo, *x 50 

Klein, J. F Design of a High-speed Steam-<engine 8vo, *5 00 

Physical Signidcance of Entropy 8vo, *i 50 

Klingenberg, G. Large Electric Power Stations 4to, "^5 eo 

Knight, R.-Adm. A. M. Modem Seamanship Svo, *6 50 

Pocket Edition lamo, fabrikoid, 3 00 

Knott, C. G., and Mackay, J. S. Practical Mathematics 8vo, 2 50 

Knox, G. D. Spirit of the Soil i2mo, "^^i 25 

Knox, J. Physico-Chemical Calculations i2mo, *z 25 

Fixation of Atmospheric Nitrogen. (Chemical Monographs.) .i2mo, "*"! 00 

Koester, F. Steam-Electric Power Plants 4to, *5 oo 

— - Hydroelectric Developments and Engineering 4to, *5 oo 

KoUer, T. The Utilization of Waste Products Svo, *5 €» 

Cosmetics • • .Svo, *2 50 

Koppe, S. W. Glycerine lamo, *3 50 

Kozmin, P. A. Flour Milling. Trans, by M. Falkner Svo, 7 50 

Kremann, R. Application of the Physico-Chemical Theory to Tech- 
nical Processes and Manufacturing Methods. Trans, by -H. 

E. Potts Svo, *3 00 

Kretchmar, K. Yarn and Warp Sizing Svo, ^5 00 

LafEargue, A. Attack in Trench Warfare i6mo, o 50 

LalHer, E. V. Elementary Manual of the Steam Engine i2mo, *2 00 

Lambert, T. Lead and Its Compounds Svo, *3 50 

Bone Products and Manures Svo, *3 50 

Lamborn, L. L. Cottonseed Products 8vo, *3 00 

Modem Soaps, Candles, and Glycerin Svo, *7 50 

Lamprecht, R. Recovery Wo k After Pit Fires. Trans, by C. Salter, 

Svo, *5 00 

Lancaster, M. Electric Cooking, Heating and Cleaning Svo, '^'i 00 

Lanchester, F. W. Aerial Flight. Two Volumes. 8vo. 

Vol. I. Aerodynamics ♦6 00 

Vol. II. Aerodonetics *6 
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Lanchester, F. W. The Flying Machine 8vo, *3 00 

' Industrial Engineering: Present and Past-War Outlook. ..i2mo, i 00 

Lange, K. R, By-Products of Coal-Gas Manufacture i2mo, 2 50 

Lamer, £. T. Principles of Alternating Currents i2mo. *i 25 

La Rue, B. F. Swing Bridges. (Science Series No. 107.) i6mo, o 75 

Lassar-Cohn. Dr. Modem Scientific Chemistry. Trans, by M. M. 

Pattison Muir i2mo, *2 00 

Latimer, L. H., Field, C. J., and Howell, J. W. Incandescent Electric 

Lighting. (Science Series No. 57.) i6mo, o 7;. 

Latta, M. N. Handbook of American Gas-Engineering Practice . . . 8vo, "^4 50 

American Producer Gas Practice i. .4to, *6 00 

Laws, B. C. Stability and Equilibrium of Floating Bodies 8vo, *3 50 

Lawson, W. R. British Railways. A Financial and Commercial 

Survey Svo, 200 

Leask, A. R. Breakdowns at Sea i2mo, 2 00 

Refrigerating Machinery i2mo, 2 00 

Lecky, S. T. S. "Wrinkles" in Practical Navigation Svo, 10 00 

Pocket Edition i2mo, 5 00 

Danger Angle i6mo, 2 50 

Le Doux, M. Ice-Makicg Machines. (Science Series No. 46.).i6mo, o 75 

Leeds, C. C. Mechanical Drawing for Trade Schools oblong 4to, *2 00 

Mechanical Drawing for High and Vocational Schools 4to, '''i 25 

Lef^vre, L. Architectural Pottery. Trans, by H. K. Bird and W. M. 

Binns 4to, *7 00 

Lehner, S. Ink Manufacture. Trans, by A. Morris and H. Robson.Svo, *2 50 

Lemstrom, S. Electricity in Agriculture and Horticulture Svo, "^i 50 

Letts, E. A. Fundamental Problems in Chemistry Svo, *2 00 

Le Van, W. B. Steam-Engine Indicator. (Science Series No. 78).i6mo, o 73 
Lewes, V. B. Liquid and Gaseous Fuels. (Westminster Series.). .8vo, *2 00 
Carbonization of Coal Svo, *5 00 

Lewis, L. P. Railway Signal Engineering Svo, *3 50 

Lewis Automatic Machine Rifle ; Operation of i6mo, *o 60 

Licks, H. E. Recreations in Mathematics. i2mo, '^'i 25 

Lieber, B. F. Lieber's Five Letter American Telegraphic Code .Svo, ^15 00 

Spanish Edition Svo, *i5 00 

French Edition .Svo, *i5 00 

Terminal Index Svo, *2 50 

Lieber's Appendix folio, *i5 00 

Handy Tables 4to, *2 50 

Bankers and Stockbrokers' Code and Merchants and Shippers' 

Blank Tables Svo, *i5 00 

100,000,000 Combination Code . . .* Svo, *io 00 

Engineering Code Svo, *i2 50 

Livermore, V. P., and Williams, J. How to Become a Competent Motor- 
man i2mo, *i 00 

Livingstone, R. Design and Construction of Commutators Svo, '''s 00 

Mechanical Design and Construction of Generators Svo, *3 50 

Lloyd, S. L, Fertilizer Materials i2mo, 2 00 

Lobben, P. Machinists' and Draftsmen's Handbook Svo, 2 50 

Lockwood, T. D. Electricity; Mns^netism, and Electro-telegraph . . .Svo, 2 50 
Electrical Measurement and the Galvanometer i2mo, o 75 
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Lodge, O' J. Elementaiy Mechanics lamo, i 50 

Signalling Across Space without Wires 870, *2 00 

Loewenstein, L. C, and Crissey, C. P. Centrifugal Pumps *4. 50 

Lomazy J. W. Cotton Spinning i2mo, i 50 

Lord, R. T. Decorati've and Fancy Fabrics syo, ^3 50 

Loring, A. £• A Handbook of the Electromagnetic Telegraph . 

(Science Series No. 39.)i6m0y o 75 

Low, D. A. Applied Mechanics (Elementary) i6nxo, 80 

Lubschez, B. J. Perspective i2mo, *i 50 

Lucke, C. E. Gas Engine Design .8vo, *3 00 

Power Plants: Design, Efficiency, and Power Costs. 2 vols. 

(In Preparation.) 

Luckiesh, M. Color and Its Application 8vo, ^^3 00 

Light and Shade and Their Applications Svo, *2 50 

Lunge, G. Coal-tar and Ammonia. Three Volumes 8vo, ""25 00 

 Technical Gas Analysis Svo, *4 50 

— — Manufacture of Suli^uric Acid and Alkali. Four Volumes Svo, 

Vol. L Sulphuric Acid. In three parts *i8 00 

^Vol. I. Supplement ^ Svo, 5 00 

Vol. n. Salt Cake, Hydrochloric Acid and Leblanc Soda. In two 

parts (In Press.) 

Vol. Ill Ammonia Soda (In Press.) 

Vol. IV Electrolytic Methods (In Press.) 

^— - Technical Chemists' Handbook i2mo, leather, ^^4 00 

Technical Methods of Chemical Analysis. Trans, by C. A. Keane 

in collaboration with the corps of specialists. 

VoL I. In two parts Svo, *i5 00 

Vol. n. In two parts Svo, *iS 00 

Vol. III. In two parts Svo, *i8 00 

The set (3 vols.) complete ♦so 00 

Luquer, L. M. Minerals in Rock Sections Svo, *i 50 

MacBride, J. D. A Handbook of Practical Shipbuilding, 

z2mo, fabrikoid, 2 00 

Macewen, H. A. Food Inspection Svo, *2 50 

Mackenzie, N. F. Notes on Irrigation Works Svo, *2 50 

Mackie, J. How to Make a Woolen Mill Pay Svo, *2 00 

Maguire, Wm. R. Domestic Sanitary Drainage and Plumbing Svo, 4 00 

Malcolm, H. W. Submarine Telegraph Cable 8 50 

Mallet, A. Compound Engines. Trans, by R. R. BueL (Science Series 

No. 10.) i6mo, 

Kansfield, A. N. Electro-magnets. (Science Series No. 64.)..i6mo, o 75 

Maiks, E. C. R. Construction ef Cranes and Lifting Machinery. i2mo, *2 75 

Construction and Working of Pumps < i2mo, 

Manufacture of Iron and Steel Tubes i2mo, *2 00 

Mechanical Engineering Materials i2mo, *i 50 

Marks, G. C. Hydraulic Power Engineering Svo, 4 50 

Inventions, Patents and Designs i2mo, *i 00 

Marlow, T. G. Drying Machinery and Practice Svo, *% 00 
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Marsh, C. F. Concise Treatise on Reinforced Concrete 8vo, *2 50 

Reinforced Concrete Compression Member Diagram. Mounted on 

Cloth Boards *i .50 

Marsh, C. F., and Dum, W. Manual of Reinforced Concrete and Con- 
crete Block Construction i6mo, fabrikoid {In Press.) 

Marshall, W. J., and Sankey, H. R. Gas Engines. (Westminster Series.) 

8vo, 

Martin, 6. Triumphs and Wonders of Modem Chemistry 8vo, 

Modern Chemistry and Its Wonders 8vo, 

Martin, N. Properties and Design of Reinforced Concrete i2mo, 

Martin, W. D. Hints to Engineers i2mo, 

Massie, W. W., and UnderhiU, C. R. Wireless Telegraphy and Telephony. 

i2mo, 
Mathot, R. E. Internal Combustion Engines 8vo, 

Maurice, W. Electric Blasting Apparatus and Explosives 8vo, 

• Shot Firer's Guide Svo, 

Maxwell, F. Sulphitation in White Sugar y^anuf acture lamo, 

Maxwell, J. C. Matter and Motion. (Science Series No. 36.). 

i6mo, o 75 

Maxwell, W. H., and Brown, J. T. Encyclopedia of Municipal and Sani- 
tary Engineering 4to^ *io 00 

Mayer, A. M. Lecture Notes on Physics Svo, 

Mayer, C, and Slippy, J. C. Telephone Line Construction Svo, 

McCuUough, E. Practical Surveying i2mo, 

Engineering Work in Cities and Towns Svo, 

Reinforced Concrete , lamo, 

McCullough, R. S. Mechanical Theory of Heat Svo, 

McGibboU; W. C. Indicator Diagrams for Marine Engineers Svo, 

Marine Engineers' Drawing Book oblong 4to, 

McGibbon, W. C. Marine Engineers Pocketbook iimo, 

Mcintosh, J. G. Technology of Sugar Svo, 

Industrial Alcohol Svo, 

Manufacture of Varnishes and Kindred Industries. Three Volumes. 

Svo. 

Vol. I. Oil Crushing, Refining and Boiling 

Vol. II. Varnish Materials and Oil Varnish Making *5 00 

Vol.. III. Spirit Varnishes and Materials *6 00 

McKay, C. W. Fundamental Principles of the Telephone Business. 

Svo. (In Press.) 

McKillop, M., and McKillop, A. D. Efficiency Methods i2mo, i 50 

McKnight, J. D., and Brown, A. W. Marine Multitubular Boilers *2 50 

McMaster, J. B. Bridge and Tunnel Centres. (Science Series No. 20.) 

i6mo, o 75 
McMechen, F. L. Tests for Ores, Minerals and Metals iimo, "^i 00 

McPherson, J. A. Water-works Distribution Svo, 2 5c 

^''^''de, A. Modem Gas Works Practice Svo, *S 50 

Melick, C. W. Dairy Laboratory Guide i2mo, *i 25 

'Mentor." Self-Instruction for Students in Gas Supply. i2mo. 

Elementary , . 2 50 

Advanced 2 50 

Merck, E. Chemical Reagents; Their Pprity and Tests. Trans, by 

H. E. Schenck ^ . . . Svo, i 00 

Meriva!8, J. H. Notes and Formulae for Mining Students z2mo, i 50 

Merritt, Wm. H. Field Testing for Gold and Silver i6mo, leather, 2 00 
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Mertens. Tactics and Technique of River Crossings. Translated by 

W. Kruger 8vo, a 50 

Mierzinski, S. Waterproofing of Fabrics. Trans, by A. Morris and H. 

Robson *. 8vo, *2 50 

Miessner, B. F. Radio Dynamics i2mo, *2, 00 

Miller, G. A. Determinants, (ociencc Series No 105.) i6mo, 

' Miller, W. J. Introduction to Historical Geology i2mo, *^ 00 

Milroy, M. £. W. Home Lace-making i2mo, *i 00 

Mills, C. N. Elementary Mechanics for Engineers Svo, '*'i 00 

Mitchell, C. A. Mineral and Aerated Waters 8vo, "^3 00 

Mitchell, C. A., and Prideaux, R. M. Fibres Used in Textile and Allied 

Industries Svc, 3 50 

Mitchell, C. F., and G. A. Building Construction and Drawing. i2mo. 

Elementary Course *i 50 

Advanced Course *2 50 

Monckton, C. C. F. Radiotelegraphy. (Westminster Series.) 8vo, 

Monteverde, R. D. Vest Pocket Glossary of English-Spanish, Spanish- 
English Technical Terms 64mo, leather, 

Montgomery, J. H. Electric Wiring Specifications i6mo, 

Moore, E. C. S New Tables for the Complete Solution of Ganguillet and 

Kutter's Formula 8vo, 

Moore, Harold. Liquid Fuel for Internal Combustion Engines. ..8vo, 
Morecroft, J. H., and Hehre, F. W. Short Course in Electrical Testing. 

8vc, 
Morgan, A. P. Wireless Telegraph Apparatus for Amateurs i2mo, 

Moses, A. J. The Characters of Crystals Svo, 

and Parsons, C. L. Elements of Mineralogy 8vo, 

Moss, S. A. Elements of Gas Engine Design. (Science Series No. 

121.) i6mo, 

The Lay-out of Corliss Valve Gears. (Science Series No. 119.) 

i6mo, 

Mulford, A. C. Boundaries and Landmarks xamo, 

MuUin, J. P. Modem Moulding and Pattern-making iimo, 

Munby, A. E. Chemistry and Physics of Building Materials. (West- 
minster Series.) Svo, 

Murphy, J. G. Practical Mining i6mo, 

Murray, J. A. Soils and Manures. (Westminster Series.) Svo, 

Nasmith, J. The Student's Cotton Spinning Svo, 

Recent Cotton Mill Construction i2mo, 

Neave, G. B., and Heilbron, I. M. Identification of Organic Conipounds. 

i2mo, 

Neilson, R. M. Aeroplane Patents Svo, 

Nerz, F. Searchlights. Trans, by C. Rodgers Svo, 

Neuberger, H., and Noalhat, H. Technology of Petroleum. Trans, by 

J. G. Mcintosh Svo, 

Newall, J. W. Drawing, Sizing and Cutting Bevel-gears .Svo, 

Newbigin, M. I., and Flett, J. S. James Geikie, the Man and the 

Geologist 8vo, 

Newbeging, T. Handbook for Gas Engineers and Managers Svo, 

Newell, F. H., and Drayer, C. E. Engineering as a Career. .i2mo, cloth, 

paper, 
Nicol, G. Ship Construction and Calculations Svo, *io 00 

Nipher, F. £. Theory of Magnetic Measurements i2mo, j 00 
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Nisbet, H. Grammar of Textile Design 8vo, 

Nolan, H. The Telescope. (Science Series No. 51.) i6mOy 

Norie, J. W. Epitome of Navigation (2 Vols.) octavo, 

A Complete Set of Nautical Tables with Explanations of Their 

Use octavo, 

North, H. B. Laboratory Experiments in General Chemistry i2mo, 

O'Connor, H. The Gas Engineer's Pocketbook lamo, leather, 3 50 

Ohm, G. S., and Lockwood, T. D. Galvanic Circv.t Translated by 

William Francis. (Science Series No. 102.) i6mo, o 75 

Olsen, J. C. Text-book of Quantitative Chemical Analysis 8vo, 3 50 

Olsson, A. Motor Control, in Turret Turning and Gun Elevating. (U. S. 

Navy Electrical Series, No. i.) i2mo, paper, '^o 50 

Ormsby, M. T. M. Surveying i2mo, 2 00 

Oudin, M. A. Standard Polyphase Apparatus and Systems 8vo, *3 00 

Owen, D. Recent Physical Research Svo, 

Pakes, W. C. C, and Nankivell, A. T. The Science of Hygiene . .Svo, *i 75 

Palaz, A. Industrial Photometry. Trans, by G. W. Patterson, Jr . . Svo, *4 00 

Palmer, A. R. Electrical Experiments i2mo, o 75 

Magnetic Measurements and Experiments i2mo, o 75 

Pamely, C. Colliery Manager's Handbook Svo, *io 00 

Parker, P. A. M. The Control of Water Svo, *5 00 

Parr, G. D. A. Electrical Engineering Measuring Instruments. ... Svo, *3 50 
Parry, E. J, Chemistry of Essential Oils and Artificial Perfumes. 

Foods and Drugs. Two Volumes. 

Vol. I. Monograghs on Essential Oils *9 06 

Vol. II. Constituents of Essential Oils, Analysis 

and Coste, J. H. Chemistry of Pigments Svo, 

Parry, L. Notes on Alloys Svo, 

Metalliferous Wastes Svo, 

Analysis of Ashes and Alloys Svo, 

Parry, L. A. Risk and Dangers of Various Occupations Svo, 

Parshall, H. F., and Hobart, H. M. Armature Windings 4to, 

Electric Railway Engineering 4to, 

Parsons, J. L. Land Drainage. Svo, 

Parsons, S, J Malleable Cast Iron Svo, 

Partington, J. R. Higher Mathematics for Chemical Students. .i2mo, 

Textbook of Thermodynamics Svo, 

The Alkali Industry Svo, 

Passmore, A. C. Technical Terms Used in Architecture Svo, 

Patchell, W. H. Electric Power in Mines Svo, 

Paterson, G. W. L. Wiring Calculations i2mo, 

Electric Mine^ Signalling Installations i2mo, 

Patterson, D. The Color Printing of Carpet Yarns Svo, 

Color Matching on Textiles Svo, 

Textile Color Mixing Svo, 

Paulding, C. P. Condensation of Steam in Covered and Bare Pipes Svo, 

Transmission of Heat through Cold-storage Insulation i2mo, 

Payne, D. W. Iron Founders' Handbook Svo, 

Peddie, R. A. Engineering and Metallurgical Books zimo, 

Peirce, B. System of Analytic Mechanics 4to, 

Linnear Associative Algebra 4to, 

Pendred, V The Railway Locomotive. (Westminster Series.) Svo, 
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Perkin, F. M. Practical Methods of Inorganic Chemistry i2mo, 

Perrin, J. Atoms 8vo, 

and Jaggers, £. M. Elementary Chemistry i2mo, 

Perrinoy F. A. C. Conductors for Electrical Distribution 8vo, 

Petit, G. White Lead and Zinc White Paints Svo, 

Petit, R. How to Build an Aeroplane. Trans, by T. O'B. Hubbard, and 

J. H. Ledeboer 8vo, 

Pettit, Lieut. J. S. Graphic Processes. (Science Series No. 76.) . i6mo, 
Philbrick, P. H. Beams and Girders. (Science Series No. 88.) . . . i6mo, 

Phillips, J. Gold Assajnlng 8vo, 

Dangerous Goods 8vo, 

Phin, J. Seven Follies of Science Z2mo, 

Pickworth, C. N. The Indicator Handbook. Two Volumes. . i2mo, each, 

Logarithms for Beginners i2mo. boards, 

The Slide Rule i2me, 

Pilcher, R. B., and Butler- Jones, F. What Industry Owes to Chemical 

Science i2mo, 

Plattner's Manual of Blow-pipe Analysis. Eighth Edition, revised. Trans. 

by H. B. Cornwall 8vo, 

Plympton, G. W. The Aneroid Barometer. (Science Series No. 35.) 

i6mo, 

How to Become an Engineer. (Science Series No. 100.) . . . i6mo, 

Van Nostrand's Table Book. (Science Series No. 104.) i6mo, 

pochet, M. L. Steam Injectors. Translated from the French. (Science 

Series No. 29.) i6mo, 

Pocket Logarithms to Four Places. (Science Series No. 65.). ..i6mo., 

leather, 

Polleyn, F. Dressings and Finishings for Textile Fabrics 8vo, 

Pope, F. G. Organic Chemistry i2mo, 

Pope, F. L. Modern Practice of the Electric Telegraph 8vo, 

Popplewell, W. C. Prevention of Smoke Svo, 

' Strength of Materials .8vo, 

Porritt, B. D. The Chemistry of Rubber. (Chemical Monographs, 

No. 3.) , i2mo, 

Porter, J. R. Helicopter Flying Machine , i2mo. 

Potts, H. E. Chemistry of the Rubber Industry. (Outlines of Indus- 
trial Chemistry) Svo, 

Practical Compounding of Oils, Tallows and Grease Svo, 

Pratt, K. Boiler Draught i2mo, 

High Speed Steam Engines Svo, 

Pray, T., Jr. Twenty Years with the Indicator Svo, 

Steam Tables and Engine Constant Svo, 

Prelini, C. Earth and Rock Excavation Svo, 

Graphical Determination of Earth Slopes Svo, 

'— - Tunneling. New Editiop Svo, 

Dredging. A Practical Treatise .Svo, 

Prescott, A. B. Organic Analysis Svo, 

Prescott, A. B., and Johnson, O. C. Qualitative Chemical Analysis. . . Svo, 
Prescott, A. B., and Sullivan, E. C. First Book in Qualitative Chemistry. 

i2mo, 

Prideaux, E. B. R. Problems in Physical Chemistry Svo, 

— — The Theory and Use of Indicators Svo, 

Primrose, G. S. C. Zinc. (Metallurgy Series.) (/n Press.) 
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Prince, G. T. Flow of Water iimo, *a 00 

Prost, £. Manual of Chemical Analysis 8vo, 6 00 

Pull, £. Modem Steam Boilers Svo, 5 00 

PuUen, W. W. F. Application of Graphic Methods to the Design of 

Structures i2mo, *2 50 

Injectors: Theory, Construction and Working i2mo, *2 00 

^Indicator Diagrams ." 8vo, *2 50 

Engine Testing 8vo, *$ 50 

Putsch, A. Gas and Coal-dust Firing Svo, ♦i 50 

Pynchon, T. R. Introduction to Chemical Physics 8yo, 3 00 

Rafter, G. W. Mechanics of Ventilation. (Science Series No. 33.) . i6mo, o 75 

Potable Water. (Science Series No. 103.) i6mo, o 75 

Treatment of Septic Sewage. (Science Series No. ii8.)-i6me, o 75 

Rafter, G. W., and Baker, M. If. Sewage Disposal in the United States. 

4to, *6 00 

Raikes, H. P. Sewage Disposal Works Svo, '^'4 00 

Randau, P. Enamels and Enamelling « 8vo, *s 00 

Rankine, W. J. M. Applied Mechanics Svo, 5 00 

Civil Engineering Svo, 6 50 

Machinery and Millwork Svo, 5 00 

The Steam-engine and Other Prime Movers Svo, 5 00 

Rankine, W. J. M., and Bamber, £. F. A Mechanical Text-book.. . .Svo, 3 50 

Ransome, W. R. Freshman Mathematics iimo, "*"! 35 

Raphael, F. C. Localization of Faults in Electric Light and Power Mains. 

Svo, 3 50 

Rasch, E. Electric Arc Phenomena. Trans^ by E. Tomberg 8vo, *2 00 

Rathbone, R. L. B. Simple Jewellery Svo, *2 00 

Rateau, A. Flow of Steam through Nozzles and Orifices. Trans, by H. 

B. Brydon Svo *i 50 

Rausenberger, F. The Theory of the Recoil Guns Svo, '*'5 00 

Rautenstrauch, Wo IlotesontheElementsof Machine Design. Svo, boards, *i 50 
Rautenstrauch, W., and Williams, J. T. Machine Drafting and Empirical 
Design. 

Part I. Machine Drafting Svo, *i 25 

Part n. Empirical Design {In Preparation.) 

Raymond, E. B. Alternating Current Engineering i2mo, *2 50 

Rayner, H. Silk Throwing and Waste Silk Spinning Svo, 

Recipes for the Color, Paint, Varnish, Oil, Soap and Drysaltery Trades, 

Svo, *5 00 

Recipes for Flint Glass Making i2mo, *5 00 

Redfem, J. B., and Savin, J. Bells, Telephones (Installation Manuals 

Series.) i6mo, ♦o 50 

Redgrove, H. S. Experimental Mensuration lamo, '^'i 25 

Redwood, B. Petroleum. (Science Series No. 92.) i6mo, o 75 

Reed, S. Turbines Applied to Marine Propulsion '^'S 00 

Reed's Engineers* Handbook Svo, *9 00 

Key to the Nineteenth Edition of Reed's Engineers' Handbook. .Svo, 4 00 

Useful Hints to Sea-going Engineers i2mo, 3 00 

Reid, E. E. Introduction t# Research in Organic Chemistry. (In Press.) 
Reinhardt, C. W. Lettering for Draftsmen, Engineers, and Students. 

oblong 4to, boards, i 00 
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Seinhardt, C. W. The Technic of Mechanical Drafting, 

oblongy 4to, boards, '*'z oo 
Reiser, F. Hardening and Tempering of SteeL Trans, by A. Morris and 

H. Robson lamo, "^a 50 

Reiser, If. Faults in the Manufacture of Woolen Goods. Trans, by A. 

Morris and H. Robson 8to, *2 50 

Spinning and Weaving Calculations Syo, "^-^ 00 

Renwick, W. G. Marble and Marble Working 8vo, 5 00 

Reuleaux, F. The Constructor. Trans, by H. H. Suplee 4to, '''4 00 

Rey, Jean. The Range of Electric Searchlight Projectors 8vo, '''4 50 

Reynolds, 0., and Idell, F. £. Triple Expansion Engines. (Science 

Series No. 99.) i6m3, o 75 

Rhead, G. F. Simple Structural Woodwork i2mo, "^i 25 

Rhead, G. W. British Pottery Marks 8vo, 3 50 

Rhodes, H. J. Art of Lithography 8vo, 5 00 

Rice, J. M., and Johnson, W. W. A New Method of Obtaining the Differ- 
ential of Functions i2mo, o 50 

Richards, W. A. Forging of Iron and Steel i2mo, i 50 

Richards, W. A., and North, H. B. Manual of Cement Testing i2mo, *z 50 

Richardson, J. The Modern Steam Engine Svo, '*'3 50 

Richardson, S. S. Magnetism and Electricity i2mo, *2 00 

Rideal, S. Glue and Glue Testing 8vo, "^5 00 

Riesenberg, F. The Men on Deck i2mo, 3 00 

Standard Seamanship for the Merchant Marine. i2mo (In Press.) 

Rimmer, £. J. Boiler Explosions, Collapses and Mishaps '. . .Svo, *i 75 

Rings, F. Reinforced Concrete in Theory and Practice i2mo, "'4 50 

— Reinforced Concrete Bridges 4to, *5 00 

Ripper, W Course of Instruction in Machine Drawing folio, *^ 00 

Roberts, F. C. Figure of the Earth. (Science Series No. 79.)..i6mo, o 75 

Roberts, J., Jr. Laboratory Work in Electrical Engineering Svo, *2 00 

Robertson, L. S. Water-tube Boilers Svo, 2 00 

Robinson, J. B. Architectural Composition Svo, *2 50 

Robinson, S. W. Practical Treatise on the Teeth of Wheels. (Science 

Series No. 24.) i6mo, o ^5 

Railroad Economics. (Science Series No. 59.) i6mo, o 75 

Wrought Iron Bridge Members. (Science Series No. 6o.)..i6mo, o 75 

Robson, J. H. Machine Drawing and Sketching 8yo, *2 00 

Roebling, J. A. Long and Short Span Railway Bridges folio. 25 00 

Rogers, A. A Laboratory Guide of Industrial Chemistry Svo, 2 00 

 Elements of Industrial Chemistry i2mo, *3 00 

Manual of Industrial Chemistry 8vo, *5 00 

Rogers, F. Magnetism of Iron Vessels, (Science Series No. 30.) 

i6mo, o 75 
Rohland, P. Colloidal and Crystalloidal State of Matter. Trans, by 

W. J. Britland and H. E. Potts i2mo, *i 25 

Rollinson, C. Alphabets Oblong, i2mo, *i 00 

Rose, J. The Pattern-makers' Assistant Svo, a 50 

 Key to Engines and Engine-running i2mo, 2 50 

Rose, T. K. The Precious Metals. (Westminster Series.) Svo, *2 00 

Rosenhain, W. Glass M&i^ufacture. (Westminster Series.) Svo« *2 00 

Physical Metallurgy, An Introduction to. (Metallurgy Series.) 

8vo, *3 50 

Roth, W. A. Physical Chemistry 8vo, ♦» 00 
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Rowan, F. J. Practi«al Physics of the Modern Steam-boiler 8vo, *s 00 

and Idell, F. £. Boiler Incrustation and Corrosion. (Science 

Series No. 27.) i6mo, o 75 

Roxburgh, W. General Foundry Practice. (Westminster Series.) .8vo, 

Ruhmer, E. Wireless Telephony. Trans, by J. Erskine-Murray. .8vo, 

Russell, A. Theory of Electric Cables and Networks 8vo, 

Rust, A. Practical Tables for Navigators and Aviators 8vo, 

Rutley, F. Elements of Mineralogy i2mo, 

Sandeman, E. A. Notes on the Manufacture of Earthenware. . .i2mo, 

Sanford, P. G. Nitro-explosives 8vo, 

Saunders, C. H. Handbook of Practical Mechanics i6mo, 

leather, 

Sayers, H. M. Brakes for Tram Cars 8vo, 

Scheele, C. W. Chemical Essays 8vo, 

Scheithauer, W. Shale Oils and Tars 8vo, 

Scherer, R. Casein. Trans, by C. Salter 8yo, 

Schidrowitz, P. Rubber, Its Production and Industrial Uses 8vo, 

Schindler, K. Iron and Steel Construction Works lamo, 

Schmall, C. N. First Course in Analytic Geometry, Plane and Solid. 

i2mo, half leather, 
, and Shack, S. M. Elements of Plane Geometry i2mo, 

Schmeer, L. Flow of Water Svo, 

I Schumann, F. A Manual of Heating and Ventilation i2mo, leather, 

I Schwarz, E. H. L. Causal Geology , Svo, 

; Schweizer, V. Distillations of Resins &vo, 

Scott, A. H. Reinforced Concrete in Practice i2mo, 

Scott, W. W. Qualitative Analysis. A Laboratory Manual. New 

I Edition 250 

,. Standard Methods of Chemical Analysis 8vo, *6 00 

Scribner, J. M. Engineers' and Mechanics' Companion. .i6mo, leather, i 50 

ji Scudder, H. Electrical Conductivity and Ionization Constants of 

Organic Compounds Svo, *$ 00 

]'• Seamanship, Lectures on i2mo, 2 00 

5' Searle, A. B. Modern Brickmaking Svo (In PreSs^.) 

Cement, Concrete and Bricks Svo, *6 50 

9' Searle, G. M. "Sumners' Method.'' Condensed and Improved. 

(Science Series No. 124.) i5mo, o 75 

V' Seaton, A. E. Manual of Marine Engineering Svo 8 00 

*!' Seaton, A. E., and Rounthwaite, H. M. Pocket-book of Marine Ensri- 

)! neering. i6mo, leather, 5 00 

Seeligmann, T., Torrilhon, G. L., and Falconnet, H. India Rubber and 

Gutta Percha. Trans, by J. G. Mcintosh 8vo, *f^ 00 

Seidell, A. Solubilities of Inorganic and Organic Substances Svo, 3 00 

Seligman, R. Aluminum. (Metallurgy Series.) (In Press.) 

Sellew, W. H. Steel Rails 4to, *io 00 

Railway Maintenance Engineering i2mo, 

Senter. G. Outlines of Physical Chemistry i2mo, 

Text-book of Inorganic Chemistry i2mo, 

Sever, G. P. Electric Engineering Experiments Svo, boards. 

Sever, G. F., and Townsend, F. Laboratory and Factory Tests in Elec- 
trical Engineering 8vo, *2 50 






*a 


00 


*4 50 


♦3 


00 


3 50 


*i 


25 


3 


50 


*4 


00 


I 


00 


I 


as 


*i 


25 


*2 


50 


*4 


00 


*3 50 


*6 


00 


*2 


00 


*I 


75 


I 


as 


*3 


00 


I 


50 


♦3 


00 


5 


00 


2 


00 



*2 


50 


*2 


lio 


*3 


00 


*i 


00 



75 


2 50 


*6 00 


*2 00 


500 


*3 5o 


*2 50 


*2 50 


*2 50 


*I 25 



26 D. VAN NOSTRAND CO.'S SHORT TITLE CATALOG 

Sewall, C. H. Wireless Telegraphy , 8vo, ♦a 00 

Lessons in Telegraphy x2mo, *i 00 

Sewelly T. The Construction of Djmamos 8vo, ♦*3 w 

Sezlon, A. H. Fuel and Refractory Materials lamo, *2 50 

Chemistry of the Materials of Engineering z2mo, *3 ^ 

Alloys (Non-Ferrous) '. 8vo, *3 «> 

Sexton, A. H., and Primrose, J. S. 6. The Metalltirgy of Iron and Steel. 

8vo, *6 50 

Seymour, A. Modem Printing Inks Syo, *2 50 

Shaw, Henry S. H. Mechanical Integrators. (Science Series No. 83.) 

lOmo, 

Shaw, S. History of the Staffordshire Potteries 8vo, 

Chemistry of Compounds Used in Porcelain Manufacture. .. .8vo, 

Shaw, T. R. Driving of Machine Tools i2mo, 

Precision Grinding Machines ii:m.o, 

Shaw, W. N. Forecasting Weather 8vo, 

Sheldon, S., and Hausmann, £. Direct Current Machines i2mo, 

Alternating Current Machines i2mo, 

Sheldon, S., and Hausmann, £. Electric Traction and Transmission 
Engineering i2mo, 

Physical Laboratory Experiments, for Engineering Students. .8vo, 

Sherriff, F. F. Oil Merchants' Manual and Oil Trade Ready Reckoner, 

8vo, 3 50 
Shields, J. E. Notes on Engineering Construction i2mo, i 5° 

Shreve, S. H. Strength of Bridges and Roofs 8vo, 3 5° 

Shunk, W. F. The Field Engineer i2mo, fabrikoid, 2 50 

Simmons, W. H., and Appleton, H. A. Handbook of Soap Manufacture, 

8/0, *4 00 

Simmons, W. H., and Mitchell, C. A. Edible Fats and Oils 8vo, *3 5° 

Simpson, G. The Naval Constructor i2mo, fabrikoid, *5 0° 

Simpson, W. Foundations 8vo. (In Press.) 

Sinclair, A. Development of the Locomotive Engine. . . 8vo, half leather, 5 00 
Sindall, R. W. Manufacture of Paper. (Westminster Series.) 8vo, *« ^ 

Sindall, R. W., and Bacon, W. N. The Testing of Wood Pulp 8vo, *2 S^ 

Sloane, T. 0*0. Elementary Electrical Calculations lamo, *2 00 

Smallwood, J. C. Mechanical Laboratory Methods. (Van Nostrand's 

Textbooks.) i2mo, fabrikoid, *3 ^ 

Smith, C. A. M. Handbook of Testing, MATERIALS 8vo, *2 5° 

Smith, C. A. M., and Warren, A. G. New Steam Tables 8vo, *i ^5 

Smith, C. F. Practical Alternating Currents and Testing 8vo, *3 S^ 

Practical Testing of Djmamos and Motors 8vo, *3 00 

Smith, F. E. Handbook of General Iirttrction ^or Mechanics . . . i2mo, i 5^ 

Smith, G. C. Trinitrotoluenes and Mono- and Dinitrotoluenes, Their 

Manufacture and Properties i2mo, 2 <^ 

Smith, H. O. Minerals and the Microscope i2mo, *i ^5 

Smith, T. r. Mariufacture of Paint 8vo, *5 ^ 

Smith, R. H. Principles of Machine Work i2mo, 

Advanced Machine Wnrk i2mo, *3 ^ 

Smithy W. Chemistry of Hat Manufacturing i2mo, *3 5^ 

Snell, A. T. Electric Motive Power 8vo, *4 00 

Snow, W. G. Pocketbook of Steam Heatine and VAptilation. (In Press.) 

Snow, W. G., and Nolan, T. Ventilation of Buildings. (Science Series 

No. «;^ i6mo, 7"^ 

Soddy, F. Radioactivity 8vo, *3 00 
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Solomon, M. Electric Lamps. (Westminster Series.) 8vo, *2 00 

Somerscales, A. N. Mechanics for Marine Engineers i2mo, *2 00 

* Mechanical and Marine Engineering Science 8vo, *5 00 

^ Sothern, J. W. The Marine Steam Turbine 870, *i2 50 

* Verbal Notes and Sketches for Marine Engineers Svo, *i2 50 

a Sothern, J. W., and Sothern, R. M. Elementary Mathematics for 

a Marine Engineers i2mo, *i 50 

ju Simple Problems in Marine Engineering Design i2mo, 

Souster, E. G. W. Design of Factory and Industrial Buildings. . .Svo, 4 00 
^ Southcombe, J. £. Chemistry of the Oil Industries. (Outlines of In- 

)« dustrial Chemistry.) Svo, *3 00 

i} Soxhlet, D. H. Dyeing and Staining Marble. Trans, by A. Morris and 

it H. Robson Sva, *2 50 

•'^' Spangenburg, L. Fatigue of Metals. Translated by S. H. Shreve. 

^ (Science Series No. 23.) i6mo, 075 

Specht, G. J., Hardy, A. S., McMaster, J. B., and Walling. Topographical 

Surveying. (Science Series No. 72.) i6mo, o 75 

Spencer, A. S. Design of Steel-Framed Sheds Svo, 

Speyers, C. L. Text-book of Physical Chemistry Svo, 

g Spiegel, L. Chemical Constitution and Physiological Action. ( Trans. 

^- by C. Luedeking and A. C. Boylston.) i2mo, 

Sprague, E. H. Hydraulics i2mo, 

Elements of Graphic Statics Svo, 

* Stability of Masonry lamo, 

^ Elementary Mathematics for Engineers i2rao. 






t, 



Stability of Arches i?.mo, 

^ Strength of Structural Elements i2mo, 

I > Moving Loads by Influence Lines and Other Methods i2mo, 

' J Stahl, A. W. Transmission of Power. (Science Series No. 28.) . i6mo, 

K Stahl, A. W., and Woods, A. T. Elementary Mechanism i2mo, 

* I Staley, C, and Pierson, G. S. The Separate System of Sewerage. . .Svo, 

Standage, H. C. Leatherworkerrf Manual Svo, 

Sealing Waxes, Wafers, and Other Adhesives Svo, 

1 Agglutinants of all Kinds for all Purposes i2mo, 

^ Stanley, H. Practical Applied Physics (In Press.) 

1 Stansbie, J. H. Iron and Steel. (Westminster Series.) Svo, 

^ Steadman, F. M. Unit Photography i2mo, 

Stecher, G. E. Cork. Its Origin and Industrial Uses i2mo, 

) Steinheil, A, and Voit, E. Applied Optics Svo, 

ij; Steinman, D. B. Suspension Bridges and Cantilevers. (Science Series 

li No. 127.) : o 75 

Melan's Steel Arches and Suspension Bridges Svo, *3 00 
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' Stevens, E. J. Field Telephones and Telegraphs i 20 

J Stevens, H. P. Paper Mill Chemist i6mo (In Press.) 

Il Stevens, J. S. Theory of Measurements i2mo, 

Stevenson, J. L. Blast-Fumace Calculations i2mo, leather, 

I, Stewart, G. Modem Steam Traps i2mo, 

} Stiles, A. Tables for Field Engineers i2mo, 

, Stodola, A. Steam Turbines. Trans, by L. C. Loewenstein Svo, 

Stone, H. The Timbers of Commerce Svo, 

' Stopes, M. Ancient Plants Svo, 

? The Study of Plant Life .Svo, 

^ Sudborough, J. J., and James, T. C. Practical Organic Chemistry. . i2mo, 
Suf fling, E. R. Treatise on the Art of Glass Painting Svo, 
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Snllivan, T. V., and Underwood, N. Testing and Valuation of Build- 
ing and Engineering Materials (In Press.) 

Sur, F. J. S. Oil Prospecting and Extracting 8vo, *i oa 

Svenson, C. L. Hardbook on Piping 8vo, 4 00 

Essentials of Drafting 8vo, i 5a 

Swan, K. Patents, Designs and Trade Marks. (Westminster Series.). 

8vo, *2 oa 

Swinburne, J., Wordingham, C. H., and Martin, T. C. Electric Currents. 

(Science Series No. 109.) i6mo, o 75 

Swoope, C. W. Lessons in Practical Electricity , . . . , X2mo, *3 00 

Tailfer, L. Bleaching Liueu and Cotton Yam and Fabrics 870, 7 00 

Tate, J. S. Surcharged and Different Forms of Retaining-walls. (Science 

Series No. 7.) i6mo, o 75 

Taylor, F. N. Small Water Supplies i2mo, 

Jll^sonry in Civil Engineering 8vo, 

Templeton, W. Practical Mechanic's Workshop Companion. 

i2mo, morocco, 
Tenney, E. H. Test Methods for Steam Power Plants. (Van 

Nostrand's Textbooks.) i2mo, 

Terry, H. L. India Rubber and its Manufacture. (Westminster Series.) 

8vo, 
Thayer, H. R. Structural Design. 8vo. 

Vol. L Elements of Structural Design 

Vol. n. Design of Simple Structures '*'4 oa 

Vol. m. Design of Advanced Structures (In Preparation.) 

Foundations and Masonry (In Preparation.) 

Thiess, J. B., and Joy, G. A. Toll Telephone Practice 8vo, 

Thom, C, and Jones, W. H. Telegraphic Connections.. . .oblong, i2mo, 

Thomas, C. W. Paper-makers' Handbook (In Press.) 

Thomas, J. B. Strength ef Ships 8vo, 2 50 

Thomas, Robt. G. Applied Calculus i2mo (In Press.) 

Thompson, A. B. Oil Fields of Russia 4to, **z 5a 

Oil Field Development 7 5a 

Thompson, S. P. Dynamo Electric Machines. (Science Series No. 75.) 

i6mo, 

Thompson, W. P. Handbook of Patent Law of All Countries i6mo, 

Thomson, G. Modem Sanitary Engineering iimo, 

Thomson, G. S. Milk and Cream Testing lamo, 

Modem Sanitary Engineering, House Drainage, etc 8vo, 

Thornley, T. Cotton Combing Machines 8vo, 

Cotton Waste 8vo, 

Cotton Spinning. 8vo. 

First Year *i 50 

Second Year *3 50 

Third Year *2 50 

Thurso, J. W. Modem Turbine Practice 8vo, *4 00 

Tidy, C. Meymott. Treatment of Sewage. (Science Series No. 94.) 

i6mo, o 75 
Tillmans, J. Water Purification and Sewage Disposal. Trans, by 

Hugh S. Taylor «vo, *r no 

Tinney, W. H. Gold-mining Machinery 8vo. *^ 00 

Titherley, A. W. Laboratory Course of Organic Chemistry 8vo, *:t 00 
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Tizard, H. T. Indicators {In Press.) 

Toch, M. Chemistry and Technology of Paints 8vo, *4 00 

Materials for Permanent Painting i2mo, 

Tod, J., and McGibbon, W. C. Marine Engineers' Board of Trade 

Examinations 8vo, 

Todd, J., and Whall, W. B. Practical Seamanship 8vo, 

Tonge, J. Coal. (Westminster Series.) 8vo, 

Townsend, F. Alternating Current Engineerins; 8vo, boards, 

Townsend, J. S. Ionization of Gases by Collision 8vo, 

Transactions of the American Institute of Chemical Engineers, 8vo. 

Vol. I. to X., 19U8-1917 8vo, each. 

Traverse Tables. (Science Series No. 115.) i6mo, 

morocco, 
Treiber, E. Foundry Machinery. Trans, by C. Salter lamo, 

Trinks, W., and Housum, C. Shaft Governors. (Science Series No. 1 22.) 

i6mo, 
Trowbridge, W. P. Turbine Wheels. (Science Series No. 44.)..i6mo, 

Tucker, J. H. A Manual of Sugar Analysis 8vo, 

Tunner, P. A. Treatise on Roll-turning. Trans, by J. B. Pearse. 

8vo, text and folio atlas, xo 00 
Tumbull, Jr., J., and Robinson, S. W A Treatise on the Compound 

Steam-engine. (Science Ser'es No. 8.) i6mo. 

Turner, H. Worsted Spinners' Handbook lamo, 

Turrill, S. M. Elementary Course in Perspective i2mo, 

Twyford, H. B. Purchasing 8vo, 

Storing, Its Economic Aspects and Proper Methods 8vo, 

Onderhill, C. R. Solenoids, Electromagnets and Electromagnetic Wind- 
ings i2mo. 

Underwood, N., and Sullivan, T. V. Chemistry and Technology of 
Printing Inks .8vo, 

Urquhart, J. W. Electro-plating lamo, 

Electrotyping i2mo, 

Usbome, P. O. G. Design of Simple Steel Bridges 8vo, 

Vacher, F. Food Inspector's Handbook lamo. 

Van Nostrand's Chemical Annual. Fourth issue igiS.fabrikoid, iimo, 
Year Book of Mechanical Engineering Data (In Press.) 

Van Wagenen, T. F. Manual of Hydraulic Mining i6mo, 

Vega, Baron Von. Logarithmic Tables 8vo, 

Vincent, C. Ammonia and its Compounds. Trans, by M. J. Salter. 8vo, 

Volk, C. Haulage ^nd Windlnq: Appliances 8vo, *4 00 

Von Georgievics, G. Chemical Technoloe^r of Textile Fibres. Trans. 

by C. Salter 8vo, 

Chemistry of DyestufEs. Trans bv C. S«Her 8vo. 

(Neiv Edition in Preparation.) 
Vose, G. L. Graphic Method for Solving Certain Questions in Arithmetic 

and Alorebra. (Science Series No. 16.) i6mo, o 75 

Vosmaer, A. Ozone 8vo, *2 50 
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Wabner, R. Ventilation in Mines. Trans, by C. Salter.. 8vo, "^5 00 

Wade, £. J. Secondary Batteries* Svo, *4 00 

Wadmore, T. M. Elementary Chemical Theory i2mo, ^x 50 

Wagner, £. Preserving Fruits, Vegetables, and Meat i2mo, *2 50 

Wagner, J. B. A Treatise on the Natural and Artificial Processes of 

Wood Seasoning 8vo, 3 00 

Waldram, P. J. Principles of Structural Mechanics i2mo, ^3 00 

Walker, F. Dynamo Building. (Science Series No. 98.) i6mo, o 75 

Walker, J. Organic Chemistry for Students of Medicine Svo, '''3 00 

Walker, S. F. Steam Boilers, Engines and Turbines Svo, 3 00 

Refrigeration, Heating and Ventilation on Shipboard i2mo, "("a 50 

Electricity in Mining 8vo, *4 50 

Electric Wiring and Fitting Svo, 250 

Wallis-Tayler, A. J. Bearings and Lubrication 8vo, *z 50 

Aerial or Wire Ropeways 8vo, *3 00 

Preservation of Wood 8vo, 4 00 

Refrigeration, Cold Storage and Ice Making 8vo, 5 50 

Sugar Machinery i2mo, *2 50 

Walsh, J. J. Chemistry and Physics of Mining and Mine Ventilation, 

i2mo, *2 00 

Wanklyn, J. A. Water Analysis i2mo, 2 00 

Wansbrough, W. D. The A B C of the Differential Calculus i2mo, *^ 50 

Slide Valves i2mo, *2 00 

Waring, Jr., G. E. Sanitary Conditions. (Science Series No. 3i.).i6mo, o 75 

Sewerage and Land Drainage *6 00 

Modern Methods of Sewage Disposal i2mo, 2 co 

How to Drain a House i2mo, i 25 

Wames, A. R. Coal Tar Distillation Svo, *5 00 

Warren, F. D. Handbook on Reinforced Concrete i2mo, *a 50 

Watkins, A. Photography. (Westminster Series.) Svo, *3 50 

Watson, E. P. Small Engines and Boilers i2mo, i 25 

Watt, A. Electro-plating and Electro-refining of Metals Svo, *4 50 

Electro -metallurgy i2mo, i 00 

The Art of Soap Making Svo, 3 00 

Leather Manufacture Svo, *4 00 

Paper-Making Svo, 3 00 

Webb, H. L. Guide to the Testing of Insulated Wires and Cables. i2mo, i 00 

Webber, W. H. Y. Town Gas. (Westminster Series.) Svo, *2 00 

Wegmann, Edward. Conveyance and Distribution of Water for 

Water Supply Svo, 5 00 

Weisbach, J. A Manual of Theoretical Mechanics Svo, *6 00 

• sheep, *7 50 

Weisbach, J., and Herrmann, G. Mechanics of Air Machinery Svo, "^3 75 

Wells, M. B. Steel Bridge Designing Svo, *2 50 

Wells, Robt. Ornamental Confectionery i2mo, 3 00 

Weston, E. B. Loss of Head Due to Friction of Water in Pipes. .i2mo, *i 50 

Wheatley, 0. Ornamental Cement Work 8vo, *2 25 

Whipple, S. An Elementary and Practical Treatise on Bridge Building. 

8vo, 3 00 
White, C. H. Methods of Metallurgical Analysis. (Van Nostrand's 

Textbooks.) i2mo, a 50 
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White, 6. F. Qualitative Chemical Analysis i2m0| "^i 25 

White, G. T. Toothed Gearing i2mo, *2 00 

White, H. J. Oil Tank Steamers , i2mo, i 56 

Whitelaw, John. Surveying 8vo, 4 50 

Whittaker, C. M. The Application of the Coal Tar Dyestuffs. ..8vo, 3 00 

Widmer, E. J. Military Balloons 8vo, 3 00 

Wilcox, R. M. Cantilever Bridges. (Science Series No. 25.) . . . i6mo, o 75 

Wilda, H. Steam Turbines. Trans, by C. Salter i2mo, 2 00 

Cranes jind Hoists. Trans, by C. Salter i2mo, *2 00 

Wilkinson, B. D. Submarine Cable Laying and Repairing 8vo, *6 00 

Williamson, J. Surveying , 8vo, *3 00 

Williamson, R. S. On the Use of the Barometer 4to, 15 00 

Practical Tables in Meteorology and Hypsometery 4to, 2 50 

Wilson, F. J., and Heilbron, I. M. Chemical Theory and Calculations. 

i2mo, *i 25 

Wilson, J. F. Essentials of Electrical Engineering 8vo, 2 50 

Wimperis, H. E. Internal Combustion Engine 8vo, '''3 00 

^— Application of Power to Road Transport i2mo, *i 50 

Primer of Internal Combustion Engine i2mo, *i 00 

Winch ell, N. H., and A. N. Elements of Optical Mineralogy 8vo, *3 50 

Winslow, A Stadia Surveying. (Science Series No. 77.) i6mo, o 75 

Wisser, Lieut. J. P. Explosive Materials. (Science Series No. 70.) 

i6mo, o 75 

Modern Gun Cotton. (Science Series No. 89.) i6mo, o 75 

Wolff, C. E. Modern Locomotive Practice 8vo, *4 20 

Wood, De V. Luminiferous Aether. (Science Series No. 85.)..i6mo, o 75 
Wood, J. K« Chemistry of Dyeing. (Chemical Monographs No. 2.) 

i2mo, *i 00 

Worden, E. C. The Nitrocellulose Industry. Two Volumes 8vo, *io 00 

Technology of Cellulose Esters. In 10 volumes. 8vo. 

Vol. VIII. Cellulose Acetate *5 00 

Wren, H. Organometallic Compounds of Zinc and Magnesiun. (Chem- 
ical Monographs No. i.) i2mo, *i 00 

Wright, A. C. Analysis of Oils and Allied Substances 8vo, '''3 50 

Simple Method for Testing Painters* Materials 8vo, *2 50 

Wright, F. W. Design of a Condensing Plant i2mo, *i 50 

Wright, H. E. Handy Book for Brewers 8vo, *6 00 

Wright, J. Testing, Fault Finding, etc., for Wiremen. (Installation 

Manuals Series!) i6mo, *o 50 

Wright, T. W. Elements of Mechanics 8vo, *2 50 

Wright, T. W.j and Hayford, J. F. Adjustment of Observations. ..8vo, *3 00 
Wynne, W. E., and Sparagen, W. Handbook of Engineering Mathe- 
matics 8vo, *2 00 

Yoder, J. H., and Wharen, G. B. Locomotive Valves and Valve Gears, 

Svo, *3 00 

Young, J. E. Electrical Testing for Telegraph Engineers Svo, *4 00 

Young, R. B. The Banket Svo, 3 50 

Youngson. Slide Valve and Valve Gears Svo, 3 00 

Zahner, R. Transmission of Power. (Science Series No. 40.)..i6mo, 

Zeidler, J., and Lustgarten, J. Electric Arc Lamps Svo, *2 00 

Zeuner, A. Technical Thermodynamics. Trans, by J. F. Klein. Two 

Volumes Svo, *8 00 

Zimmer, G. F. Mechanical Handling and Storing of Materials. .. .4to, *i2 50 
Mechanical Handling of Material and Its National Importance 

During and After the War 4to, 4 00 

Zipser, J. Textile Raw Materials. Trans, by C. Salter Svo, *5 00 

Zur Nedden, F. Engineering Workshop Machines and Processes. Trans. 

by J. A. Davenport Svo, *2 00 



D. Van Nostrand Company 

are prepared to supply, either from 

their complete stock or at 

short notice. 

Any Technical or 

Scientific Book 

In addition to publishing a very large 
and varied number of Scientific and 
Engineering Books D. Van Nostrand 
Company have on hand the largest 
assortment in the United States of such 
books issued by American and foreign 
publishers. 



All inquiries are cheerfully and care- 
fully answered and complete catalogs 
sent free on request. 
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